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Synopsis 


More  than  30,000,000  yen  have  been  expended  in  restoration  of  some 
63  breakwaters  damaged  by  wave  action  between  1965  and  1972.  Comparative 
data  are  presented  for  63  examples  in  49  harbors  where  some  damage  to  the 
-.actual  caissons  was  noted,  encompassing  caisson  breakwaters  damaged  during 
construction  to  those  finished  at  least  with  a concrete  covering.  Diagrams 
show  the  breakwaters  before  damage  was  sustained,  the  damaged  condition, 
and  the  restored  cross  section.  Simple  analyses  are  attempted  on  the  total 
.number  of  breakwaters  damaged  between. 1965  and  1972  in  brdfer  to  clarify  V 
any  trends  in  breakwater  dpmage. 
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1.  Introduction 


A large  portion  of  the  monies  allocated  to  harbor  construction  goes 
for  breakwaters.  At  the  same  time  the  cost  of  repairing  damage  to  break- 
waters takes  up  a large  part  of  funds  needed  for  harbor  damage. 

A number  of  studies  have  been  made  on  design  of  breakwaters  and  kind 
of  damage  they  sustain  and  there  have  been  improvements  in  design.  These 
Studies  are  continuing  evdn  now.  Very .often  the  records  of  damage  and 
what  happens  at  different  stage's  after  damage  begins  are  lost,  and  it 
la  impossible  to  build  up  valuable  experience  that  could  be  obtained  from 
these  records  and  used  for  future  design. 

For  this  reason  in  1968  we  assembled  data  on  status  of  damage  to 
breakwaters  in  the  period  1949-1964  and  this  was  published  in  1968  as  the 
Port  and  Harbour  Research  Institute  report  No.  58. 

This  report  presents  examples  of  damage  to  breakwaters  which  was  not 
recorded  in  the  previous  report  No.  58.  It  also  attempts  to  make  some 
analyses  in  order  to  ascertain  any  trends  in  breakwater  damage  as  well  as 
to  present  diagrams  of  damaged  breakwaters. 

The  present  report,  then,  alms  in  general  at  examples  of  damage 
between  1965  and  1972,  but  examples  already  included  in  report  No.  58  are 
omitted  to  avoid  duplication. 


2.  Methods  of  Recording 


The  total  cost  for  restoration  has  been  estimated  at  30,000,000  yen 
or  more  for  each  breakwater  selected,  using  records  pf  restoration  work 
on  damaged  breakwaters  and  on  construction  under  direct  control.  Record- 
ing of  data  was  made-for  caisson  breakwaters  damaged  during,  construction 
or  at  least  in  the  stage  where  concreting  had  been  done.  Even  those 
Where  damage  to  the  levee  body  involved  shifting  or  breaking  Were  selected. 
We  relied  on  entries  in  study  charts  and  ground  plans  prepared  by  the 
Hokkaido  Development  Bureau,  District  Port  Construction  Bureaus,  and  port 
managers . 


3.  Charts  and  Tables  Recorded 


Sixty-three  examples  In  49  ports  are  presented  in  the  charts  and 
tables  as  shown  below  with  date  of  damage. 


. 3 


J 

I 


I 


27.  Hachlnoke:  Kawarakl  cast  breakwater,  13  Jen.  1972. 

28.  Mlyako:  Idesakl  breakwater,  16-17  Jan.  1971. 

29.  Ena:  Offshore  breakwater,  11-13  Sept.  1971. 

30.  Nakanosaku:  Breakwater,  11-13  Sept.  1971. 

31.  Onahama:  West  breakwater  No.  1,  29-30  April  1971. 

32.  Onahama:  West  breakwater  No.  2,  31  Jan.  1970. 

33.  Onahama:  West  breakwater  No.  2,  11-13  Jan.  1972. 

34.  Kashima:  Outer  harbor  outer  breakweter,  12  Jen.  1972. 

35.  Kashima:  Outer  harbor  outer  breakwater,  24  Dec.  1972. 

36.  Atami:  East  breakwater,  11-12  Jan.  1972. 

37.  Numazu:  Outer  harbor  west  breakwater,  17-18  Sept.  1965. 

38.  Numazu:  Outer  harbor  west  breakwater,  17-18  Sept.  1965. 

39.  Ukusu:  Breakwater,  27-28  Oct.  1967. 

40.  Tagonouda:  West  breakwater,  17  Sept.  1965. 

41.  Hamana:  East  training  levee,  16-17  Sept.  1972. 

42..  Hamana:  East  training  levee,  16  Sept.  1972. 

43.  Yokkaichl:  Asahi  breakwater,  16  Sept.  1972. 

44.  Shlroko:  South  breakwater,  5-6  July  1970. 

45.  Tottori:  Garo  district  east  breakwater,  5-6  Feb.  1969. 

46.  Sakai:  Outer  harbor  breakwater,  21  Aug.  1970. 

47.  Etsu:  Suda  district  training  levee,  23  July  1965. 

48.  Hamada:  West  breakwater,  4 Jan.  1971. 

49.  Wakayama  Shimozu:  South  outer  breakwater,  30  Aug.  1971. 

50.  Hiwasa:  North  breakwater,  28  July  1968. 

51.  Imabarl:  East  breakwater,  21  Aug.  1970. 

52.  Murotsu:  Gomen  breakwater  No.  1,  21  Aug.  1970. 


53. 

Kurel: 

Futanashlma 

breakwater. 

21 

Aug. 

1970. 

54. 

Kurei: 

Kamata  West 

breakwater. 

21 

Aug. 

1970. 

55.  Kamlnogae:  Karaagakubo  breakwater,  21  Aug.  1970. 

56.  Shimoda:  Harbor  entrance  training  levee,  21  Aug.  1970. 

57.  Karatsu:  East  harbor  west  breakwater,  15  Feb.  1968. 

58.  Waklzakl:  North  breakwater,  14  Aug.  1970. 

59.  Nobeoka:  South  training  levee,  30  Aug.  1971. 

60.  rflyazakl:  Central  training  levee,  5 Aug.  1971. 

61.  Miyazaki:  North  training  levee,  5 Aug.  1971. 

62.  Sendai:  Training  levee,  28  June-7  July  1969. 

63.  Kurlo:  Breakwater,  24  Sept.  1968. 


The  charts  and  tables  were  prepared  as  follows. 

3.1  Survey  Tables 

Care  should  be  taken  for  these  entries  In  the  survey  tables. 

(1)  Date  completed 

As  a rule,  the  date  of  completion  of  the  site  constructed  In  the 
sane  year  as  the  indicated  damaged  section  Is  entered,  but  the  date  of 
completion  of  the  main  breakwater  is  entered  for  old  ones  In  the  year 
constructed. 

■ ■ Those  damaged  during  construction  are  Indicated  as  "In  construction.". 

(2)  Name  of  Damaging  Element  • - > 

After  the  date  of  damage  Is  placed  the  presumed  weather  condition 
which  caused  the  damage,  but  especially  in  winter  periods  a low  pressure 
system  and  winter  wind  waves  are  given  as  the  causative  or  unusual  weather 
condition.  It  Is  difficult  to  distinguish  these,  and  we  arbitrarily  say 
"low  pressure  system"  when  a moving  low  presumed  to  have  had  an  effect  on 
the  damaged  port  approaches  near  the  day  when  damage  occurred.  We  say 
"winter  wind  waves"  when  there  Is  no  such  low  on  a particular  day  when 
damage  was  sustained  and  consider  the  facility  to  have  been  damaged  during 
a winter-type  western  high-eastern  low  situation.  Thus  the  damaging 
element  is  recorded  as  a low  or  as  winter  wind  waves. 
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When,  however,  a moving  low  passes  over  the  Sea  of  Japan  or  the  Pacific 
Ocean,  remains  stationary  over  the  Okhotsk  Sea  and  the  ocean  east  of  Honshu, 
damaging  waves  will  persist  for  many  days  and  the  exact  day  and  hour  are 
unknown.  In  this  case  the  date  of  damage  in  reports  from  the  actual  loca- 
tions is  the  continuous  period  of  the  weather  element  mentioned.  It  is 
difficult  then  to  decide  which  element  caused  the  damage  and  we  simply 
say  "low  pressure  system." 

This  was  revised  to  low  pressure  system  even  when  local  reports 
Indicated  winter  wind  waves. 

. .a-  • * . * • • 

3.2  The  Charts 

These  were  recorded  as  indicated  below  and  all  units  are  metric. 

(1)  Location  of  damaged  facility 

The  damaged  site  is  marked  in  the  harbor.  The  condition  of  the  harbor 
at  the  time  of  damage  is  shown  with  dashed  lines,  and  sections  built  up  to 
March  1974  are  shown  with  dotted  lines. 

When  there  are  more  than  two  damaged  facilities,  the  condition  of  the 
harbor  at  time  of  damage  is  entered  in  the  same  place  and  same  chart 
position  for  more  than  2. 

(2)  Ground  plan  of  damaged  sections 

These  are  ground  plans  of  damaged  parts  and  show  construction  style 
of  damaged  facility,  cross  section  at  time  of  damage,  etc.,  and  restored 
extensions,  etc.  Details  of  the  condition  at  time  of  damage  are  entered 
if  they  are  known  objectively.  Condition  prior  to  damage  is  shown  by 
dotted  lines. 

(3) .  Cross  section  prior  to  damage 

Unfinished  parts  are  shown  by  dotted  lines  for  those  damaged  during 
construction  in  the  standard  cross  section  diagrams  just  prior  to  damage. 

(4)  Cross  section  at  time  of  damage 

Typical  cross  sections  for  one  to  several  sections  show  the  conditions 
just  after  damage.  The  condition  prior  to  damage  is  given  by  dotted  lines. 

(5)  Restored  cross  section 

A standard  cross  section  is  given  for  the  condition  of  the  restoration 
after  damage.  As  a rule  restored  sections,  where  caissons  are  put  back 
in  place,  riprap  is  replenished,  etc.,  are  indicated  by  blackening,  but 
this  is  not  done  where  a damaged  facility  is  not  returned  at  all  to  the 
original  form. 
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Parts  of  unfinished  construction  at  the  time  of  damage  for  facilities 
damaged  during  construction  are  indicated  by  dotted  lines  after  damage 
when  it  was  constructed  in  the  same  cross  section  as  the  standard  cross 
section  which  was  planned  before  the  damage  after  restoration. 

(6)  Other 

Details  are  given  separately  for  items  not  shown  in  the  damaged 
condition  in  cross  section  charts  (3),  (4),  and  (5)  above. 


4.  Location  Of  Ports  and  Harbors  Investigated 


This  is  given  In  Figure  1. 


TFT 


Figure  1 


Key : 

1.  Monbetsu 

2.  Abashirl 

3 . Kushijro 

4 . Tokachi ' 

5.  Kutsugata 

6 . Teuri 

7.  Yagishiri 

8.  Rumoi 

9.  Yoichi 

10.  Iwanai 

11.  Hakodate 

12.  Shiriyazaki 

13.  Hachinohe 

14.  Aomori 
13 . Miyako 

16.  Ena 

17.  Nakanosaku 

18 . Onahama 

19.  Kashima 

20.  Ryotsu 

21.  Niigata 

22.  Kashiwazaki 

23.  Wajlma 

24 . Hlmekawa 

25.  Kanazawa 

26.  Numazu 

27.  Ataml 

28 . Tagonouda 

29.  Ukusu 

30 . Ham ana 

31.  Yokkaichi 

32.  Shlroko. . 

33.  Wakayama  Shlmozu 

34.  Tottori . 

25.‘  Sakai 

36 . Ezu 

37.  Hamada 

38.  Hiwasa 

39 . Imabarl 

40.  Murotsu 

41.  Kurel 

42.  Kamlnogae 

43.  Shlmoda 

44.  Karatsu 

45.  Vaklsaki 

46.  Sandal 

47.  Robaoka 

48.  Miyaaaki 
49-.  Kurlo 

50.  Aaaml  Islands 
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1.  Monbet su  Harbor 


Regional  facility  name 

Shlaa  breakwater 

Construction  method 

Caisson  composite  breakwater 

Date  completed 

Being  constructed 

Date  damaged 

8-10  Jan.  1965 

Low  pressure 

Damage  status 

Damage  to  the  caissons,  consolidation  blocks,  overlay  tetrapods,  and 
foundation  mound  was  caused  by  shifting  and  scattering. 

Prior  to  damage 
Vertical  part 
Caisson 
Dimensions 

Sidewall  0.45  m,  compartment  wall  0.3  m,  base  plate  0.45  m 
Concrete 

Reinforcing  steel 

Pill  2 

Sand.  Unit  volume  weight  20  t/m 

Upper  concreting  in  site 

About  1:3:6 

Riprap  area 

Foundation  mound 

30-300  kg/piece 

Overlay 

Outside  harbor  2t  tetrapods,  inside  nothing 

Foundation  blocks 

Both  Inside  and  outside  harbor 

Precast  concrete  armor  units 

None 

Dissipating  riprap 
Other 

Design  data 
Have  height 

Have  pressure  . .... 

Breakers 

Period 

Angle  of  incidence 
Time  of  damage 
Amount  of  damage 
Levee  body  slide 
6.  Maximum  150  m. 

Slope  of  levee  body 
Maximum  5* 
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46.  State  of  levee  body  damage 

47.  No  damage  to  caisson,  only  slippage 

48.  Dispersion  of  overlay 

49.  Included  In  consolidation  blocks 

50.  Dispersion  of  foundation  stone  ^ 

51.  Outside  harbor  20  m extension,  about  70  m ; inside  harbor  70  m extension, 
about  200  m^ 

52.  Dispersion  of  consolidation  blocks 

53.  Outside  harbor  6 extended  10  m.  Inside  harbor  51  extended  70  m 

54.  Dispersion  of  dissipation  works 

55.  Natural  conditions 

56.  Visual  measurement 

57.  Wave  direction 

58.  Tidal  level 

59.  Hours  continuous 

60.  Direction 

61.  Wind  velocity 

62.  Mean  and  Instantaneous  peak 

63.  Method  of  restoration 

64.  Restored  to  original  state,  but  overlaid  in  two  layers  with  2t  tetrapods, 
especially  at  the  head  of  the  levee  and  70  m along  inner  harbor  side. 


1.  Monbetsu  Harbor 


Key: 

1.  Location  of  damaged  facility 

2 . Shima  breakwater 

3.  Damaged  part 

4.  Ground  plan  of  damaged  part 

5.  Outer  harbor 

6 . Inner  harbor 
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1.  Monbet su  Harbor 


Key: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 


A-A  cross  section  prior  to  damage 

Outer  harbor 

Inner  harbor 

Caisson 

2t  tetrapods 

Consolidation  blocks 

Consolidation  block 

30-300  kg  foundation  mound 

A-A  cross  section  at  time  of  damage 

A-A  cross  section  restored 
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2.  Monbet su 


Key: 

1.  Regional  facility  name 

2 . North  seawall 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  1955 

7 . Date  damaged 

8.  8-9  Jan.  1965 

9.  Low  pressure 

10.  Damage  status 

11.  162.0  m of  superstructure  extension  and  268.9  m of  consolidation  works 
destroyed 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caisson 

15.  Dimensions 

16.  Member  thickness  unknown 

17.  Concrete 

18.  Reinforcing  steel 

19 . Unknown 

20.  Fill 

21.  Concrete.  Unit  volume  weight  unknown. 

22.  Upper  concrete  in  site 

23.  Riprap 

24.  Foundation  mound 

25.  Per  unit 

26.  Overlay 

27.  None 

28.  Consolidation  blocks 

29.  Outer  harbor,  caissons;  inner  harbor,  caissons 

30.  Precast  concrete  armor  units 

31.  Dissipation  riprap 

32.  Other 

33.  Design  data 

34 . Wave  height 

35.  Wave  pressure 

36.  Period 

37.  Angle  of  incidence 

38.  Time  of  damage 

39.  Amount  of  damage 

40.  Levee  body  slide 

41.  Levee  body  slope 

42.  Condition  of  levee  body  damage 

42a.  Damage  to  superstructure,  extension  132.0  m 

43.  Scattering  of  overlay 

44.  Scattering  of  foundation  mound 

45.  Scattering  of  consolidation  blocks 
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46.  Consolidating  caisson  destroyed,  extension  268.9  m 

47.  Scattering  of  dissipation  works 

48.  Natural  conditions 

49.  Wave  direction 

50.  Tide  level 

51.  Hours  continuous 

52.  Wind  velocity 

53.  Average  NE  16  m/sec,  peak  24.3  m/sec 

54.  Method  of  restoration 

55.  Concrete  of  superstructure  restored  to  original  condition  and  the 
top  was  built  up  a further  4.5m  with  a parapet.  25t  and  4t  per 
unit  tetrapods  were  added  to  dissipate  waves. 
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2.  Abashiri  Harbor 


Key : 

1.  Location  of  damaged  facility 

2.  North  breakwater 

3.  Damaged  part 

4.  North  breakwater 

5.  First  part 

6 . Abashiri  River 

7.  Jetty 

8.  Damaged  part 

9.  East  breakwater 

10.  Pier  no.  1 

11.  Ground  plan  of  damaged  part  < 

12.  Outer  harbor 

13.  Inner  harbor 

14.  Damaged  parts  of  superstructure 

15.  North  breakwater 
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2.  Abashiri  Harbor 


Key: 

1.  A-A  cross  section  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Caisson 

5.  300-1000  kg  foundation  mound 

6.  A-A  cross  section  at  time  of  damage 

7.  A-A  restored  cross  section 

8.  25t  tetrapod  layer 

9.  25t  tetrapods 

10.  4t  tetrapod  random  rubble 
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2.  Abashiri  Harbor 


Key: 

1.  B-B  cross  section  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Caisson 

5.  300-1000  kg  foundation  mound 

6.  B-B  cross  section  at  time  of  damage 

7.  B-B  restored  cross  section 

8.  25t  tetrapods 

9.  4t  tetrapod  random  rubble 
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3 . Abashiri  Harbor 


Regional  facility  name 

North  breakwater 

Construction  method 

In  site  concreted  breakwater 

Date  completed 

1925-1926 

Date  damaged 

20  Dec.  1966 

Low  pressure 

Damage  status 

Overlay  rocks  dispersed,  superstructure  overreached  and  destroyed 

Prior  to  damage 

Vertical  part 

Upper  concreting  in  site 

Dimensions 

Concrete 

Reinforcing  steel 

None 

Fill 

Upper  concreting  in  site 
Riprap 

Foundation  mound 
30-100  kg/plece 
Overlay 

Riprap  100  kg/plece  Inside  and  outside  harbor 
Consolidation  blocks 
Outside  harbor 

Precast  concrete  armor  units 

Dissipation  riprap 

Other 

Design  data 
Wave  height 
Unknown 
Wave  pressure 
Period 

Angle  of  incidence 

At  time  of  dsmage  ... 

Amount  of  damage 

Lsvee  body  slide 

Slope  of  levee  body 

Condition  of  levee  body  damage 

ISO  m of  superstructure  destroyed 

Dispersion  of  overlay 

Wave  dsmage  inside  and  outside  harbor,  amount  unknown 
Dispersion  of  foundation  mound 


46.  Dispersion  of  consolidation  blocks 

47.  Dispersion  of  dissipation  works 

48.  Natural  conditions  , 

49.  Visual 

50.  Wave  direction 

51.  Tide  level 

52 . Duration 

53.  Wind  velocity 

54.  Average  NW  11.5  m/sec;  peak  NW  18.7  m/sec 

55.  Method  of  restoration 

56.  Wave  dissipation  construction  of  4t/unlt  tetrapods  was  placed  in  front 
with  the  overlay  rocks  left  dispersed. 
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3 .  Abashirl  Harbor 


Key: 

1.  Location  of  damaged  facility 

2.  Refer  to  the  north  breakwater  2 

3.  Cross  section  prior  to  damage  (C  part) 

4 . Outer  harbor 

5.  Inner  harbor 

6.  100  kg  overlay 

7.  30-1 CO  kg  foundation  mound 

8.  Cross  section  at  time  of  damage  (C  part) 

9.  Cross  section  restored  (C  part) 

10.  4 t tetrapods 


3.  Abashiri  Harbor 


Key: 

1.  Cross  secCion  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Consolidation  blocks 

5.  100  kg  overlay 

6.  30-100  kg  foundation  mound 

7.  Cross  section  at  time  of  damage 

8.  Restored  cross  section 

9.  4t  tetrapods 
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4.  Abashiri  Harbor 


Key: 


1.  Regional  facility  name 

2.  East  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  1963 

7.  Date  damaged 

8.  9 Nov.  1971 

9.  Low  pressure 

10.  Damage  status 

11.  No.  3 unit  destroyed,  1,  2,  4,  and  5 had  cracks  up  to  several  to  50  m/m 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caisson 

15 . Dimensions 

16.  Sidewall  0.5,  compartment  wall  0.3  m,  base  plate  0.5 

17.  Concrete  « 

18.  33.0  kg/m  cement  used 

19.  Reinforcing  steel 

20.  32.3  kg/m3,  SS39  and  41 

21.  Fill 

22.  Sand,  unit  volume  weight  20t/rn 

23.  Upper  concreting  in  site 

24 . Unknown 

25.  Riprap  part 

26.  Foundation  mound 

27.  Per  piece 

28.  Overlay 

29.  Riprap  at  l.Ot/piece  both  Inside  and  outside  harbor 

30.  Consolidation  blocks 

31.  Outside  harbor  poured  concrete 

32.  Precast  concrete  armor  units 

33.  None 

34.  Dissipation  riprap 

35.  Other 

36.  Design  data 

37.  Wave  height 

38.  Have  pressure 

39 . Period 

40.  Angle  of  incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 

43.  Levee  body  slide 

44.  Slope  of  levee  body 

45.  Condition  of  levee  body  damage 
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46.  One  caisson  destroyed,  cracks  in  4 others 

47.  Dispersion  of  overlay 

48.  Dispersion  of  foundation  mound 

49.  Dispersion  of  consolidation  blocks 

50.  Dispersion  of  dissipation  works 

51.  Natural  conditions 

52.  Estimated 

53.  Wave  direction 

54 . Tide  level 

55.  Duration 

56.  Wind  velocity 

57.  Average  NW  14.7  m/sec;  peak  NW  29.2  m/sec 

58.  Method  of  restoration 

59.  Caissons  were  newly  put  in  place  except  for  No.  2 and  3 which  were  destroyed; 
for  1,  4,  and  5 mid-water  concrete  fill  was  used  except  for  covered  concrete 
in  the  superstructure  and  the  superstructure  was  restored. 


4.  Abashiri  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  North  breakwater 

3.  North  breakwater 

4.  Jetty 

5.  Abashiri  river 

6 . Damage  sector 

7.  East  breakwater 

8.  Pier  No.  1 

9.  Pier  No.  2 

10.  Ground  plan  and  long  section  of  damaged  parts 

11.  Outer  harbor 

12.  Inner  harbor 

13.  Breakwater  head 

14.  Caissons  (with  numbers) 

15.  Superstructure  damage 

16.  Cracks  in  caissons 

17.  Caisson  damage 

18.  Note:  Nos.  2 and  3 newly  made  and  emplaced.  Same  type  of  damage  to 

A-A  on  outer  and  inner  harbor  sides. 
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4.  Abashlri  Harbor 


Key: 

1.  Cross  section  prior  to  damage 

2.  Caisson  with  mid  water  concrete  fill 

3.  It  riprap 

4.  Poured  concrete 

5.  Sand  fill 

6.  100-300  kg  foundation  mound 

7.  Cross  section  restored  (1,  4,  5 caissons) 

8.  Cross  section  restored  (2,  3 caissons) 
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4 .  Abashlrl  Harbor 


Kay: 

1.  Condition  of  damage  to  caisaon  3 

2.  Damaged  part  of  calaaon 

3.  Sand  fill  discharged 

4.  Concrete 

5.  Cross  section  of  breakwater  head  caisson 

6.  It  overlay 

7.  Caisson  L “ 9.0.  Poured  concrete  fill. 

8.  Poured  concrete 

9.  100-300  kg  foundation  mound 
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5.  Kushiro  Harbor 


Key: 

1.  Regional  facility  name 

2.  North  breakwater 

3.  Construction  method 

4.  Block  type  composite  breakwater  j 

5.  Date  completed 

6.  1923-1936 

7.  Date  damaged 

8.  9-11  Nov.  1967 

9.  Low  pressure 

10.  Damage  status 

11.  The  front  of  the  levee  body  was  scoured  and  the  foundation  riprap  dispersed 

with  consequent  shifting  of  consolidation  blocks.  Damage  also  received  by 
destruction  of  superstructure. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Blocks 

15.  Dimensions 

16 . Unknown 

17.  Concrete 

18.  Reinforcing  steel  | 

19.  None 

20.  Fill 

21.  Upper  concreting  in  site 

22 . Riprap  part 

23.  Foundation  mound 

24 . Per  block 

25.  Overlay  ;■ 

26.  Consolidation  blocks  ,« 

27.  Outside  harbor 

28.  Precast  concrete  armor  units 

29.  Dissipation  riprap 

30 . Other 

31.  Design  data 

32 . Wave  height 

33.  Wave  pressure 

34.  Period 

35.  Angle  of  incidence 

36.  At  time  of  damage  i 

37.  Amount  of  damage  I 

38.  Levee  body  slide 

39.  Levee  body  slope  1 

40.  Condition  of  levee  body  damage 

41.  325.2  m of  upper  section  destroyed 

42.  Dispersion  of  overlay 

43.  Dispersion  of  foundation  mound 

44.  245.5  n extension  outside  harbor,  amount  unknown 

45.  Dispersion  of  consolidation  blocks 
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46.  245.5  m extension,  amount  unknown 

47.  Dispersion  of  dissipation  works 

48.  Natural  conditions 

49.  Measured  visually 

50.  Wave  direction 

51.  Tidal  level 

52.  Duration 

53.  Wind  velocity 

54.  Peak  23.4  m/sec 

55.  Method  of  restoration 

56.  Foundation  mound,  consolidation  blocks,  and  superstructure  were  restored 
to  the  original  condition,  since  it  was  felt  that  maintenance  of  the 
levee  body  would  be  difficult,  when  it  was  restored  to  the  original  con- 
dition for  stability  of  the  breakwater.  The  foundation  was  overlaid  by 
hollow  triangular  blocks  weighing  2t  each. 


5.  Kushiro 


Key: 

1.  Location  of  damaged  facilities 

2.  North  breakwater 

3.  West  breakwater 

4.  Kushiro  river 

5.  Ground  plan  of  damaged  sections 

6.  Outer  harbor 

7.  Inner  harbor 
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5.  Kushiro  Harbor 


Key: 


1.  Cross  section  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  30-300  kg  foundation  mound 

5.  Cross  section  at  time  of  damage 

6.  Restored  cross  section 

7.  2t  hollow  triangular  blocks 


5,  Kushiro  Harbor 


1.  Cross  section  prior  to  damage 

12.  Damage  status  about  the  same  as  A-A 

3.  Outer  harbor 

4 .  Inner  harbor 

5.  30-300  kg  foundation  mound 

6.  Restored  cross  section  (B-B) 

7.  2t  hollow  triangular  blocks 

18.  Superstructure 

9.  Cross  section  prior  to  damage  (C-C) 
10.  Restored  cross  section  (C-C) 
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6.  Kushiro  Harbor 


Key: 


1.  Regional  facility  name 

2.  West  harbor  east  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Being  constructed 

7 . Date  damaged 

8.  11-13  Sept.  1971 

9.  Typhoon  No.  26 

10.  Damage  status 

11.  (A  part):  257  m of  foundation  mound  being  constructed  was  broken  apart. 

(B  part):  260  m under  construction  had  the  foundation  mound  dispersed, 

and  of  the  8 caissons  placed  and  completed  the  cusp  of  2 shifted  and  fell, 
3 shifted  and  with  this,  11  consolidation  blocks  slipped  and  moved. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Sidewall  0.4  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Cement  used  300  kg/in 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  20t/mJ 

22.  Upper  concreting  in  site 

23.  Not  done 

24 . Riprap 

25.  Foundation  mound 

26.  Per  piece 

27.  Overlay 

28.  Not  done 

29.  Consolidation  blocks 

30.  Both  inside  and  outside  harbor 

31.  Precast  concrete  armor  units 

32 . None 

33.  Dissipation  riprap 

34 . Other 

35.  Design  data 

36.  Wave  height 

37.  Wave  pressure 

38.  Breakers 

39.  Period 

40.  Angle  of  Incidence 

41.  Section 

42.  At  time  of  damage 

43.  Amount  of  damage 

44.  .Levee  body  slide 

45.  3 caissons  1.0  m,  2 fell 
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46.  Levee  body  elope 

47.  2 caissons 

48.  Condition  of  levee  body  daaage 

49.  Dispersion  of  overlay 

50.  Dispersion  of  foundation  aound 

51.  A section  69  a extension,  208  nt  ; B section  130  a extension,  790  a3, 
including  both  inside  and  outside  harbor 

52.  Dispersion  of  consolidation  blocks 

53.  Outside  harbor  24  a extension  of  11  blocks;  inside  harbor  52  a extension 
of  13  units 

54.  Dispersion  of  dissipation  works 

55.  Natural  conditions 

56.  Actual  aeasurement 

57.  Nave  direction 

58.  Tidal  level 

59.  Duration 

60.  Wind  velocity 

61.  Average  SSE  7.5  m/sec;  peak  14.0  m/sec 

62.  Method  of  restoration 

63.  Three  caissons  that  shifted  1.0  m were  made  ready  and  2 that  had  fallen 
were  restored  to  original  condition;  dissipation  works  in  the  form  of 
25t  tetrapods  were  placed  on  the  front  of  8 caissons. 
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6.  Kushlro  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section  (from  1972) 

3.  East  breakwater 

4.  West  harbor 

5.  B part  caisson  emplacement 

6.  B part  (above)  and  A part 

7.  Damaged  section  (from  1971) 

8.  North  breakwater 

9.  West  breakwater 

10.  Secondary  harbor 

11.  Kushlro  river 

12.  Ground  plan  of  damaged  part 

13.  2St  tetrapoda  (restored) 


6.  Kushiro  Harbor 


Key: 

1.  Cross  section  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Consolidation  blocks 

5.  Caisson 

6.  3t  irregular  blocks 

7.  30-300  kg  foundation  mound 

8.  Cross  section  at  time  of  damage 

9.  Restored  cross  section 

10.  25 t tetrapod  random  rubble 

11.  4t  irregular  blocks 
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7.  Kushiro  Harbor 


Key: 


1.  Regional  facility  name 

2.  West  harbor  east  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  In  construction 

7.  Date  damaged 

8.  14  Feb.  1972 

9.  Low  pressure 

10.  Damage  status 

11.  Two  of  the  caissons  shifted;  one  of  2 being  restored  after  shifting 
and  settling  in  Sept.  1971  was  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete  _ 

18.  Cement  used  300  kg/tn 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  20t/in 

22.  Upper  concreting  in  site 

23.  Not  done 

24.  Riprap  part 

25.  Foundation  mound 

26.  Per  price 

27.  Overlay 

28.  Not  done 

29.  Consolidation  blocks 

30.  Both  Inside  and  outside  harbor 

31.  Wave  dissipation  works 

32.  None 

33.  Wave  dissipation  riprap 

34 . Other 

35.  Design  data 

36.  Wave  height 

37.  Wave  pressure 

38.  Breakers 

39.  Period 

40.  Angle  of  Incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 

43.  Levee  body  slide 

44.  Levee  body  slope 

45.  2 units 


38 


StSdHittfiKN 

/ 


m. 


2 © 811  « r'i  <£  Hi 


7.  Kushiro  Harbor 


I 

I 

I 

! 
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Key : 

1.  Location  of  damaged  facilities 

2.  6.  Refer  to  east  breakwater  of  Kushiro  west  harbor 

3.  Ground  plan  of  damaged  section 

4.  Section  damaged  by  Typhoon  no.  26  in  1971 
3.  Damaged  during  restoration  work 

6.  Number  of  caisson  shown  in  circles 

7.  Caissons  shifted  by  most  recent  damage 

8.  Restored  ground  plan  (including  damage  of  6 in  1971) 

9.  25t  tetrapods 

10.  Outer  harbor 

11.  Inner  harbor 

12.  A part  and  B part 
13-  Block 

14.  Number  of  caisson  shown  in  circles 
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7 . Kushiro  Harbor 


Cross  section  A-A  prior  to  damage 
Outer  harbor 
Inner  harbor 
Normal 

Consolidation  blocks 
Caisson 

30-300  kg  foundation  mound 

Cross  section  A-A  at  time  of  damage 

Restored  cross  section  A-A 

3t  irregular  blocks 

30-300  kg  riprap 
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8.  Tokachi  Harbor 


Key: 


1.  Regional  facility  name 

2.  South  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  1962 

7 . Date  damaged 

8.  28  Feb.  1972 

9.  Low  pressure 

10.  Damage  status 

11.  Two  of  5 caissons  fell,  the  outer  harbor  walls  breaking  up;  3 developed 
large  cracks  in  the  walls  and  the  fill  flowed  out.  The  superstructure 
of  all  fell  away  and  sand  accumulated  inside  and  outside  the  harbor. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 
13.  Dimensions 

16.  Sidewall  0.A5,  compartment  wall  0.3,  base  plate  0.5 

17.  Concrete  . 

18.  Cement  used  320  kg/in 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  20t/in 

22.  Upper  concreting  in  site 

23.  Amount  of  cement  used  27C  v*/cmJ 

24.  Riprap  part 

25.  Foundation  mound 

26.  30-300  kg/plece  (average  60  kg) 

2 7 . Overlay 

28.  20t  tetrapods  inside  and  outside  the  harbor 

29.  Consolidation  blocks 

30.  Nom 

31.  Precast  concrete  armor  units 

32.  Wave  dissipation  riprap 

33.  Other 

34 . Design  data 

35.  Wave  height 

36 . Wave  pressure 

37.  Breakers 

38.  Period 

39.  Angle  of  incidence 

40.  At  time  of  damage 

41.  Amount  of  damage 

42.  Levee  body  slide 

43.  Levee  body  slope 

44.  Condition  of  levee  body  damage 

45.  TWo  caissons  destroyed,  large  cracks  in  3 
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8.  Tokachi  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . South  breakwater 

3.  Damaged  section 

4 . North  breakwater 

5.  Ground  plan  of  damaged  parts 

6.  Restored  to  a sloping  levee  with  riprap  blocks 

7.  Outer  harbor 

8.  Inner  harbor 

9.  Superstructure  destroyed  along  whole  length;  caissons  6,  7,  9 developed 
large  cracks  in  walls  and  8,  10  had  walls  crumble  on  the  outer  harbor 
side. 


8.  Tokachi  Harbor 


Key: 

1.  Cross  section  prior  to  damage 

2.  2t  tetrapods 

3.  Caisson 

4.  30-300  kg  foundation  mound 

5.  Cross  section  (nos.  6,  7,  9)  at  time  of  damage 

6.  Cross  section  (nos.  8,  10)  at  time  of  damage 

7.  Restored  cross  section  (parts  of  6-10) 

6.  25. Ot  tetrapod  random  rubble 

9.  Upper  section  concrete  , 

10.  4.0t  tetrapod  random  rubble 

11.  8.0t  tetrapod  random  rubble 
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9.  Kutsugata  Harbor 


Key: 

1.  Regional  facility  name 

2 . West  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5 . Date  completed 

6.  1962 

7 . Date  damaged 

8.  28-30  Oct.  1966 

9.  Low  pressure 

10.  Damage  status 

11.  The  overlay  rock  and  consolidation  blocks  dispersed;  caissons  were 
shifted  and  superstructure  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Unknown;  2 arranged  at  right  angles  to  the  normal  had  the  same  dimensions. 

17.  Concrete 

18 . Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Unit  volume  weight  unknown 

22.  Upper  concreting  in  site 

23.  Riprap  part 

24.  Foundation  mound 

25 . Per  piece 

26 . Overlay 

27.  Riprap  30-100  kg/piece  both  Inside  and  outside  harbor 

28.  Consolidation  blocks 

29.  Outside  harbor 

30.  Precast  concrete  armor  units 

31 . None 

32.  Wave  dissipation  riprap 

33.  Other 

34.  Design  data 

35 . Wave  height 

36.  Wave  pressure 

37.  Period 

38.  Angle  of  incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  Levee  body  slope 

43.  Condition  of  levee  body  damage 

44.  Concrete  on  upper  part  46.8  m 

45.  Dispersion  of  overlay 


46.  176.3  m extension,  amount  unknown,  outside  harbor;  inside  harbor,  none 

47.  Dispersion  of  foundation  mound 

48.  Included  in  overlay  rock 

49.  Dispersion  of  consolidation  blocks 

50.  Extended  176.3  m,  amount  unknown 

51.  Dispersion  of  dissipation  works 

52.  Natural  conditions 

53.  Visual  measurement 

54.  Wave  direction 

55 . Tidal  level 

56.  Duration 

57.  Wind  velocity 

58.  Peak  35  m/sec 

59.  Method  of  restoration 

60.  The  superstructure  restored  to  original  condition,  the  other  destroyed 
parts  left  the  same;  hollow  25t  triangular  blocks  were  placed  in  front 
as  dissipation  works. 
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9.  Kutsugata  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  West  breakwater 

4.  Part 

5.  West  jetty 

6.  East  jetty 

7.  East  breakwater 

8.  Ground  plan  of  damaged  section 

9.  Cracks 
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9.  Kutsugata  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Inside  harbor 

3.  Upper  works 

4.  Caisson 

5.  Consolidation  blocks 

6.  30-100  kg  riprap 

7.  Cross  section  A-A  at  time  of  damage 

8.  Restored  cross  section  A-A 

9.  25t  hollow  triangular  block  riprap 


9.  Kutsugata  Harbor 


I 
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1.  Cross  section  B-B  prior  to  damage 

2 . Inner  harbor 

3.  Caisson 

4.  Consolidation  blocks 

5.  Riprap 

6.  Cross  section  B-B  at  time  of  damage 

7.  Restored  cross  section  B-B 

8.  25 t hollow  triangular  block  random  rubble 
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9.  Kutsugata  Harbor 


Key: 

1.  Cross  section  C-C  prior  to  damage 

2.  Outer  harbor 

3.  Cross  section  C-C  at  time  of  damage 

4.  Restored  cross  section  C-C 

5.  25 t hollow  triangular  block  random  rubble 

6.  Superstructure 

7.  Caisson 
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10.  Kutsugata  Harbor 
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Key: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 


12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 


Regional  facility  name 
West  breakwater 
Construction  method 
Caisson  composite  breakwater 
Date  completed 
1962 

Date  damaged 
6 Feb.  1969 
Low  pressure 
Damage  status 

Foundation  riprap  and  overlay  rocks  dispersed  and  with  this  the  consoli- 
dation blocks  settled  and  dispersed.  The  caissons  shifted  and  super- 
structure was  destroyed. 

Prior  to  damage 
Vertical  part 
Caissons 
Dimensions 

Sidewall  0.4,  compartment  wall  0.25,  base  plate  0.4 

Concrete 

Unknown 

Reinforcing  steel 
Fill 

Outer  harbor  chamber  with  concrete,  remaining  2 with  sand.  Unit  volume 
weight  of  sand  20t/m^. 

Upper  concreting  in  site 
Riprap  part 
Foundation  mound 
Per  piece 
Overlay 

Riprap  30-100  kg/piece  inside  and  outside  the  harbor 

Consolidation  blocks 

Outer  harbor 

Inner  harbor 

Have  dissipation  blocks 

None 

Precast  concrete  armor  units 
Other 

Design  data 
Have  height 
Have  pressure 
Breakers 
Period 

Angle  of  incidence 
At  time  of  damage 
Amount  of  damage 
Levee  body  slide 
5 caissons,  maximum  0.5  m 
Levee  body  slope 

52 


46.  Condition  of  levee  body  damage 

47.  One  part  of  upper  concrete  destroyed 

48.  Dispersion  of  overlay 

49.  66.6  m extension  of  unknown  amount  outside  harbor;  damage  inside  harbor 
but  extension  and  amount  unknown 

50.  Dispersion  of  foundation  rock 

51.  Included  in  overlay 

52.  Dispersion  of  consolidation  blocks 

53.  66.6  m extension  outside  harbor,  amount  unknown;  damage  inside  harbor 
but  extension  and  amount  unknown 

54.  Dispersion  of  dissipation  works 

55.  Natural  conditions 

56.  Estimated 

57.  Have  direction 

58.  Tidal  level 

59.  Duration 

60.  Wind  velocity 

61.  Method  of  restoration 

62.  Superstructure  was  restored  to  original  condition;  other  damaged  parts 
were  left  in  damaged  condition;  30t/unit  hollow  triangular  blocks  were 
placed  in  front  and  on  cusp  as  dissipation  works. 
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10.  Kutsugata  Harbor 


1.  Location  of  damaged  facilities 

2.  West  breakwater 
2a.  Damaged  section 

3.  East  breakwater 

4.  Ground  plan  of  damaged  section 

5.  Caisson  and  superstructure  damaged 

6.  Cracks  in  superstructure 

7.  Former  lighthouse 

8.  Lighthouse 


10.  Kutsugata  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outside  harbor 

3.  Inside  harbor 

4.  Normal 

5.  Caisson 

6.  Consolidation  blocks 

7.  Overlay 

8.  30-100  kg  foundation  mound 

9 . Consolidation  blocks 

10.  Cross  section  A-A  at  time  of  damage 

11.  Restored  cross  section  A-A 

12.  30t  hollow  triangular  block  random  rubble 
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11.  Teuri  Harbor 


Key: 

1.  Regional  facility  name 

2 . North  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  22  Nov.  1965 

7.  Date  damaged 

8.  16-17  Dec.  1965 

9 . Low  pressure 

10.  Damage  status 

11.  Overlay  tetrapods  dispersed  and  caissons  shifted,  resulting  in  dispersion 
of  foundation  mound  and  consolidation  blocks. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caisson 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.25,  base  plate  0.5 

17.  Concrete  _ 

18.  Cement  used  310  kg/ni 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand,  miscellaneous  broken  rock.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site 

23.  Cement  used  270  kg/m^ 

24 . Riprap  part 

25.  Foundation  mound 

26.  Per  piece 

27.  Overlay 

28.  Outside  harbor  20t  tetrapods 

29.  Consolidation  blocks 

30.  Inside  harbor 

31.  Wave  dissipation  works 

32 . None 

33.  Wave  dissipation  riprap 

34 . Other 

35 . Design  data 

36 . Wave  height 

37 . Wave  pressure 

38.  Breakers 

39.  Period 

40.  Angle  of  incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 

43.  Levee  body  slide 

44.  6 caissons,  maximum  5.4  m 

45.  Levee  body  slope 
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46.  Maximum  6° 

47.  Condition  of  levee  body  damage 

48.  Dispersion  of  overlay  , 

49.  Destroyed  outside  harbor,  amount  unknown 

50.  Dispersion  of  foundation  mound 

51.  Damage  both  inside  and  outside  harbor,  amount  unknown 

52.  Dispersion  of  consolidation  blocks 

53.  3.5  m extension  Inside  harbor,  27  pieces 

54.  Dispersion  of  dissipation  works 

55 . Natural  conditions 

56 . Unknown 

57.  Period 

58.  Wave  direction 

59.  Tidal  level 

60.  Duration 

61 . Wind  velocity 

62.  Peak  SW  25.2  m/sec 

63.  Method  of  restoration 

64.  Overlay  tetrapods,  foundation  mound,  and  consolidation  blocks  restored  to 
original  condition,  but  caissons  that  shifted  in  a direction  at  right 
angles  to  normal  with  floating  stretcher  L»10.0  m,  and  missing  portions 
were  restored  and  emplaced.  The  upper  concrete  was  made  up  to  + 3.0  m. 


11.  Teurl  Harbor 


Key: 

1.  Location  of  damaged  facilities 
la.  Damaged  section 

2.  North  breakwater 

3.  Ground  plan  of  damaged  section 

4 . Outside  harbor 

5.  Restoration  with  prepacked  concrete 

6 . Inside  harbor 
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11 . Teurl  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4 . Normal 

5 . Caisson 

6.  2t  tetrapods 

7 . Consolidation  blocks 

8.  30-60  kg  foundation  mound 

9.  Cross  section  A-A  at  time  of  damage 

10.  Restored  cross  section  A-A 

11.  Rock  drawn  in 
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12.  Yaglshirl  Harbor 


Key: 

1.  Regional  facility  name 

2.  North  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  6 Oct.  1966 

7.  Date  damaged 

8.  5-6  Feb.  1969 

9.  Low  pressure 

10.  Damage  status 

11.  Overlay  tetrapods  and  foundation  mound  dispersed  and  caissons  were 
shifted.  Consequently  consolidation  blocks  shifted  and  the  super- 
structure was  partially  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.5,  compartment  wall  0.3,  base  plate  0.5 

17.  Concrete 

18.  Cement  used  310  kg/ni 

19.  Reinforcing  steel 

20.  Fill 

21.  Gravel.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site 

23.  Cement  used  270  kg/m3 

24.  Riprap  part 

25.  Foundation  mound 

26.  Per  piece 

27.  Overlay 

28.  20t  tetrapods  outside  harbor 

29.  Consolidation  blocks 

30.  Inside  harbor 

31.  Precast  concrete  armor  units 

32.  None 

33.  Wave  dissipation  riprap 

34.  Other 

35.  Design  data 

36.  Wave  height 

37 . Wave  pressure 

38.  Breakers 

39.  Period 

40.  Angle  of  incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 

43.  Levee  body  slide 

44.  6 caissons,  maximum  3.9  m 

45.  Levee  body  slope 


46.  Maximum  3° 

47.  Condition  of  levee  body  damage 

48.  Superstructure,  amount  unknown 

49.  Dispersion  of  overlay 

50.  Extension  99.3  m,  amount  unknown 

51.  Dispersion  of  foundation  mound 

52.  Extension  400  m,  amount  unknown 

53.  Dispersion  of  consolidation  blocks 

54.  Damaged  but  amount  unknown 

55.  Dispersion  of  dissipation  works 

56.  Natural  conditions 

57.  Visually  measured 

58 . Unknown 

59.  Wave  direction 

60 . Unknown 

61.  Tidal  level 

62.  Duration 

63.  Wind  velocity 

64.  Peak  30  m/sec 

65.  Method  of  restoration 

66.  The  damaged  parts  were  left  untouched;  wave  dissipation  works  placed 
in  front;  the  9 m of  the  breakwater  head  used  25. Ot  triangular  blocks 
and  in  addition  90.3  m used  15. Ot  triangular  blocks;  26.0  m on  the 
original  placed  side  from  the  crooked  section  was  restored  with  poured 
concrete  as  a foundation  on  the  outer  harbor  side. 


f 


12.  Yagishirl  Harbor 


1.  Location  of  damaged  facilities 

2.  North  breakwater 

3.  Damaged  section 

4 . South  breakwater 

4.  Ground  plan  of  damaged  section 

6.  15 t hollow  triangular  blocks 

7.  25t  hollow  triangular  blocks 

8.  Poured  concrete 


12.  Yagishlri  Harbor 


12.  Yagishiri  Harbor 


Key: 

1.  Cross  section  B-B  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4 . Normal 

5.  Caisson 

6.  2t  tetrapods 

7.  30-300  kg  foundation  mound 

8.  Cross  section  B-B  at  time  of  damage 

9.  Restored  cross  section  B-B 

10.  15t  hollow  triangular  random  rubble 

11.  Consolidation  blocks 
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13.  Rumoi  Harbor 


Key: 

1.  Regional  facility  naae 

2.  South  breakwater 

3.  Construction  method 

4.  Ca la a on- type  vertical  breakwater 

5.  Date  completed 

6.  1916 

7.  Date  damaged 

8.  21  Feb.  1965 

9.  Low  pressure 

10.  Damage  status 

11.  Foundation  (foundation  blocks,  sacked  concrete)  destroyed  or  broken 
loose;  therefore,  the  main  caisson  body  tilted  and  the  upper  concrete 
part  was  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  L unknown;  sidewall  0.5,  compartment  wall  0.35,  base  plate  0.6 

17.  Concrete 

18 . Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Upper  concreting  In  site 

22 . Riprap  part 

23.  Foundation  mound 

24.  Blocks,  L unknown;  sacked  concrete 

25.  Overlay 

26 . None 

27.  Consolidation  blocks 

28.  Inside  harbor 

29.  Precast  concrete  armor  units 

30.  Have  dissipation  riprap 

31.  Other 

32.  Design  data 

33.  Vave  height 

34.  Wave  pressure 

35.  Period 

36.  Angle  of  Incidence 

37.  At  time  of  damage 

38.  Amount  of  damage 

39.  Levee  body  slide 

40.  Levee  body  slope 

41.  Maximum  2s 

42.  Condition  of  levee  body  damage 

43.  Foundation  blocks  damaged,  sacked  concrete  came  out,  and  superstructure 
destroyed 

44.  Dispersion  of  overlay 

45.  Dispersion  of  foundation  rock 


46.  Outside  harbor,  foundation  block  damage,  extension  86.7  ■;  sacked 
concrete  extension  193.4  m,  273  m3 

47.  Dispersion  of  consolidation  blocks 

48.  Dispersion  of  dissipation  works 

49.  Natural  conditions 

50.  Actual  measurement 

51.  Wave  direction 

52 . Tidal  level 

53.  Duration 

54.  Hind  velocity 

55.  Average  WNW  11.2  m/aec,  peak  WSW  16.4  m/sec 

56.  Method  of  restoration 

57.  The  destroyed  foundation  works  were  left  untouched  and  since  there  was 
a danger  of  further  destruction  of  the  levee  body,  the  foundation  works 
were  restored  with  sacked  concrete  and  tetrapods  overlaid  in  front  of 
them. 


13.  Rumol  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  South  breakwater 

4.  Rumol  harbor 

3.  North  breakwater 

6.  Section  of  damaged  area 

7.  Blocks 

8.  Caissons 

9.  Sacked  concrete 

10.  Foundation  blocks 


13.  Rumoi  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Caisson 

5.  Sacked  concrete 

6.  Cross  section  A-A  at  time  of  damage 

7.  Restored  cross  section  A-A 

8.  16t  tetrapod 

9.  Sacked  concrete 
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13.  Rumol  Harbor 


Key: 

1.  Cross  section  B-B  prior  to  damage 

2 . Outer  harbor 

3 . Inner  harbor 

4 . Caisson 

5.  Foundation  blocks 

6.  Cross  section  B-B  at  time  of  damage 

7.  Restored  cross  section  B-B 

8.  25 t tetrapod 

9 . Sacked  concrete 

10.  8t  tetrapod 
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13.  Rumoi  Harbor 


Key: 

1.  Cross  section  C-C  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4.  Caisson 

5.  Cross  section  C-C  at  time  of  damage 

6.  Restored  cross  section 

7.  25t  tetrapod 

8.  8t  tetrapod 
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14.  Yoichi  Harbor 


Key: 

1.  Regional  facility  name 

2.  South  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  1940 

7.  Date  damaged 

8.  17  Dec.  1965 

9.  Low  pressure 

10.  Damage  status 

11.  The  front  normal  scoured  by  repeated  strong  waves,  and  the  overlay 
rocks  and  foundation  mound  were  dispersed. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15 . Dimensions 

16.  L unknown,  member  thickness  unknown 

17.  Concrete 

18 . Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Upper  concreting  in  site 

22.  Riprap  part 

23.  Foundation  mound 

24 . Per  piece 

25.  Overlay 

26.  Outside  and  inside  harbor  riprap  l-2t/piece 

27.  Consolidation  blocks 

28.  None 

29.  Precast  concrete  armor  units 

30.  Wave  dissipation  riprap 

31 . Other 

32.  Design  data 

33.  Wave  height 

34 . Wave  pressure 

35.  Period 

36.  Angle  of  incidence 

37.  At  time  of  damage 

38.  Amount  of  damage 

39.  Levee  body  slide 

40.  Levee  body  slope 

41.  Condition  of  levee  body  damage 

42.  Dispersion  of  overlay 

43.  Outside  harbor,  extension  180.0  m,  amount  unknown;  Inside  harbor,  none 

44.  Dispersion  of  foundation  rock 

45.  Outside  harbor,  extension  180.0  m,  amount  unknown 
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46.  Dispersion  of  consolidation  blocks 

47.  Dispersion  of  dissipation  works 

48.  Natural  data 

49.  Wave  direction 

50.  Tidal  level 

51.  Duration 

52.  Wind  velocity 

53.  Method  of  restoration 

54.  Consolidation  blocks  set  up  on  outer  side  of  harbor,  overlay  of  broken 
rock  at  l-2t/plece 
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14.  Yoichl  Harbor 


Location  of  damaged  facilities 

North  breakwater 

Breakwater 

South  breakwater 

Damaged  section 


14.  Yoichi  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Caisson 

5.  l-2t  overlay 

6.  30-300  kg  foundation  mound 

7.  Cross  section  A-A  at  time  of  damage 

8.  Restored  cross  section  A-A 
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14.  Yolchl  Harbor 


Key: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 


Cross  section  B-B  prior  to  damage 

Outer  harbor 

Inner  harbor 

l-2t  overlay 

Caisson 

30-300  kg  foundation  mound 
Cross  section  B-B  at  time  of  damage 
Restored  cross  section  B-B 
Concrete  block 
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15.  Iwanal  Harbor 


Key: 

1.  Regional  facility  name 

2.  Meat  breakwater  (A  section) 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Nov.  1965 

7 . Date  damaged 

8.  5-6  Mar.  1966 

9 . Low  pressure 

10.  Damage  status 

11.  89.4  m of  superstructure  and  one  caisson  destroyed;  252.2  m of  dissipation 
works  (8.0t  tetrapods)  were  overreached,  dispersed,  and  damaged. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Member  thickness  unknown 

17.  Concrete 

18.  Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site 

23.  Riprap  part 


Foundation  mound 

Per  piece 

Overlay 

None 

None 

Consolidation  blocks 
Inside  harbor 

Precast  concrete  armor  units.  8t  tetrapods  random  rubble 

Wave  dissipation  riprap 

Other 

Design  data 
Wave  height 
Wave  pressure 
Breakers 
Period 

Angle  of  incidence 

At  time  of  damage 

Amount  of  damage 

Levee  body  slide 

Levee  body  slope 

Condition  of  levee  body  damage 

Superstructure  and  caissons  destroyed 
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Dispersion  of  overlay 

Dispersion  of  foundation  mound 

Dispersion  of  consolidation  blocks 

Dispersion  of  dissipation  works 

252.2  m extension,  amount  unknown 

Natural  conditions 

Estimated 

Have  direction 

Tidal  level 

Duration 

Wind  velocity 

Average  NW  16  m/sec;  peak  NW  31.1  m/sec 
Method  of  restoration 

The  destroyed  caisson  was  restored  with  poured  cement;  the  superstructure 
at  +1.65  m restored  to  +3.5  m;  dissipation  rocks  at  1.5-2.05  apiece  were 
used  to  rebuild  the  dissipation  works  and  on  them  the  8.0t  tetrapods  used 
again  and  a surface  layer  was  further  restored  with  16. Ot  tetrapods. 
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46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 


15.  Iwanai  Harbor 


Key: 

1.  Location  of  damaged  facilities 
la.  West  breakwater 

2.  Damaged  section 

3.  Breakwater  no.  1 
A.  North  jetty 

5.  Ship  entry  breakwater 

6.  Central  pier 

7.  Ground  plan  of  damaged  section 

8.  Superstructure  destroyed 

9.  Cracks  in  superstructure 

10.  8t  tetrapods  scattered  inside  the  breakwater 


I 


IS.  Ivanai  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  8t  tetrapod 

5 . Caisson 

6.  Consolidation  blocks 

7.  30-300  kg  foundation  mound 

8.  Cross  section  A-A  at  time  of  damage 

9.  Restored  cross  section  A-A 

10.  16t  tetrapods 

11.  1.5-2t  riprap 

12.  Poured  concrete 

13.  Superstructure 
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16.  Iwanal  Harbor 


§ KCy: 

1.  Regional  facility  name 

■ 2.  West  breakwater 

I 3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

I 6.  Nov.  1965 

* 7.  Date  damaged 

8.  5-6  Feb.  1969 

I 9.  Low  pressure 

i 10.  Damage  status 

11.  This  section  is  on  a crooked  part  and  concentrated  waves  shifted  2 

■ caissons;  one  caisson  destroyed  the  sidewall  and  slag  fill  spilled  out. 

| 12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

| 15.  Dimensions 

■ 16.  Member  thickness  unknown 

17.  Concrete 

I 18.  Reinforcing  steel 

| 19.  Fill 

20.  Slag.  Unit  volume  weight  2.1t/nt 
a 21.  Upper  concreting  in  site 

i | 22.  Riprap  part 

23.  Foundation  mound 

24.  Per  piece 

■ 25.  Overlay 

■ 26.  Riprap  l-2t/plece  Inside  and  outside  harbor 
27.  Consolidation  blocks 

jl  28.  Outer  harbor 

1 29.  Inner  harbor 

30.  Precast  concrete  armor  units 

■ 31.  None 

H 32.  Have  dissipation  riprap 

" 33.  Other 

34 . Design  data 
J1  35.  Have  height 

I 36.  Have  pressure 

37.  Breakers 
P 38.  Period 

H 39.  Angle  of  incidence 

40.  At  time  of  damage 
<a  41.  Amount  of  damage 

1 42.  Levee  body  slide 

43.  2 caissons  a maximum  of  1.55  m 

44.  Levee  body  slope 

I 45.  Condition  of  levee  body  damage 

* 45a.  Caissons  and  base  plate  concrete  destroyed,  fill  released 
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46.  Dispersion  of  overlay 

47.  Dispersion  of  foundation  mound 

48.  Dispersion  of  consolidation  blocks 

49.  Dispersion  of  dissipation  works 

50.  Natural  conditions 

51.  Actual  measurement 

52 . Unknown 

53.  Vave  direction 

54.  Tidal  level 

55.  Duration 

56.  Wind  velocity 

57.  Average  W 18.0  m/sec;  peak  NW  30.8  m/sec 

58.  Method  of  restoration 

59.  Part  of  one  caisson  which  had  lost  slag  fill  was  filled  with  mid-water 
concrete  (outside  harbor  side)  and  broken  rock  (inner  and  inside  harbor 
side) ; 40  m of  dissipation  riprap  (l-2t/plece)  and  hollow  triangular 
blocks  (25t/block)  were  built  up  in  2 layers  aa  dissipation  riprap. 
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16.  Ivanal  Harbor 


Kay: 

1.  Location  of  daaaged  facllltiaa 

2 . Hast  breakwater 

3.  Daaagad  section 

4.  Breakwater  no.  1 

5.  Ship  entry  breakwater 

6.  Central  pier 

7.  Ground  plan  of  daaagad  section 

8.  Consolidation  blocks 

9.  Lighthouse 
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17.  Hakodate  Harbor 


Key: 

1.  Regional  facility  naae 

2 . West  breakwater 

3.  Construction  net hod 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  1963 

7.  Date  damaged 

8.  22-24  Mar.  1967 

9.  Low  pressure 

10.  Damage  status 

11.  Foundation  riprap  and  overlay  rocks  dispersed;  because  of  this  foundation 
blocks  settled  and  were  dispersed. 

12.  Prior  to  daaage 

13.  Vertical  part 

14.  Caissons 
13.  Dimensions 

16.  Meeber  thickness  unknown 

17.  Concrete 

18.  Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  unknown. 

22.  Upper  concreting  In  site 

23.  Riprap  part 

24.  Foundation  mound 
23.  Per  place 

26.  Overlay 

27.  (B  part)  riprap  of  90-800  kg/plece  outside  harbor 

28.  Consolidation  blocks 

29.  (B  part)  outer  harbor,  (A  part)  outer  harbor 

30.  Inner  harbor 

31.  Precast  concrate  armor  units 

32.  Rone 

33.  Wave  dissipation  riprap 

34.  Other 

33.  Design  data 

36.  Wave  height 

37.  Wave  pressure 

38.  Clapotla 

39.  Period 

40.  Angle  of  incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 

43.  Levee  body  slide 

44.  Levee  body  slope 

45^  Condition  of  levee  body  danege 
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46.  Dispersion  of  overlay  - 

47.  109  a extension,  2400  «r 

48.  Dispersion  of  foundation  mound 

49.  Included  in  overlay 

50.  Dispersion  of  consolidation  blocks 

51.  109  extension,  60  blocks 

52.  Dispersion  of  dissipation  works 

53.  Natural  data  \ 

54 . Visual  measurement 

55.  Have  direction 

56.  Tidal  level 

57.  Duration 

58.  Hind  velocity 

59.  Average  S-W  13.0  m/sec;  peak  S 31.0  m/sec 

60.  Method  of  restoration 

61.  Foundation  restored  with  riprap  of  more  than  50  kg/plece;  It  hollow 
triangular  blocks  were  used  for  overlay. 


f 


! 

f 


17.  Hakodate  Harbor 


V 


Key: 

1.  Location  of  damaged  facilities 

2.  West  breakwater 

3.  North  breakwater 

4.  Ground  plan  of  damaged  section 

5.  A part  and  B part 

6.  Hollow  triangular  blocks  (restored) 

7.  Not  damaged 

8.  Riprap  (restored) 
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17 . Hakodate  Harbor 


Key: 


1.  Cross  section  A prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Caisson 

5.  Consolidation  blocks 

6.  50-800  kg  overlay 

7.  50-300  kg  foundation 

8.  Cross  section  A at  tins  of  damage 

9.  Restored  cross  section  A 

10.  It  hollow  triangular  blocks 
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17 . Hakodate  Harbor 


Key: 

1.  Croat  section  B prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Caisson 

5 . Consolidation  blocks 

6.  90-800  kg  overlay 

7.  90-300  kg  foundation  mound 

8.  Cross  section  B at  time  of  damage 

9.  Cross  section  B restored 

10.  It  hollow  triangular  blocks 

11.  Riprap  more  than  30  kg 
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18.  Niigata  Eaat  Harbor 


Key: 

1.  Regional  facility  name 

2.  West  breakwater 

3.  Construction  method 


Caisson  composite  breakwater 

Date  completed 

1960-69 

Date  damaged 
31  Jan.  1970 
Low  pressure 

Damage  status 

Basin  of  front  normal  scoured;  foundation  mound  and  overlay  rocks  settled 
and  were  destroyed;  consolidation  blocks  shifted. 

Prior  to  damage 
Vertical  part 

Caissons 

Dimensions 

Sidewall  0.4,  compartment  wall  0.25,  base  plate  0.6 
Concrete 

Reinforcing  steel 
Pill 

Sand.  Unit  volume  weight  unknown. 

Upper  concreting  in  site 
Riprap  part 
Foundation  mound 
Per  piece 
Overlay 

Riprap  of  1 t/plece  inside  and  outside  harbor 
Consolidation  blocks 
Outside  harbor  (A) 

Precast  concrete  armor  units 
None 

Have  dissipation  riprap 
Other 

Design  data 
Have  height 
Have  pressure 
Breakers 
Period 

Angle  of  incidence 

At  time  of  damage 

Amount  of  damage 

Levee  body  slide 

Levee  body  slope 

Condition  of  levee  body  damage 

Dispersion  of  overlay  . 

1200  m extension  outside  harbor,  13,500  ■ ; none  inside  harbor. 
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46.  Dispersion  of  foundation  mound  . 

47.  1200  m extension  outside  harbor,  4,400  m'* 

48.  Dispersion  of  consolidation  blocks 

49.  264  m extension,  100  blocks 

50.  Dispersion  of  dissipation  works 

51.  Natural  data 

52.  Actual  measurement 

53.  Wave  direction 

54.  Tidal  level 

55.  Duration 

56.  Wind  velocity 

57.  Average  WNW  20.0  m/sec;  peak  WNW  34.3  m/sec. 

58.  Method  of  restoration 

59.  Foundation  riprap  was  filled  with  200-500  kg  pieces  and  restored;  consoli- 
dation blocks  replaced  and  8 t tripods  used  as  overlay;  overlay  base  was 
held  with  1 t riprap. 
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18.  Niigata  Eaat  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  Vest  breakwater 

4.  East  breakwater 

5.  Central  channel 

6.  Ground  plan  of  damaged  section 

7 . A-type  caisson 

8:  Outer  harbor 

9.  Type 

10.  Restored 

11.  Consolidation  blocks  replaced 
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18.  Niigata  East  Harbor 


I 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Consolidation  blocks 

4.  It  overlay  rocks 

5.  200-500  kg  foundation  mound 

6.  C-type  caisson 

7.  Cross  section  A-A  at  time  of  damage 

8.  Restored  cross  section  A-A 
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18.  Niigata  East  Harbor 


Key: 

1.  Cross  section  B-B  prior  to  damage 

2.  Outer  harbor 

3.  Consolidation  blocks 

4.  It  overlay 

3.  F type  caisson 

6.  200-500  kg  foundation  mound 

7.  Cross  section  B-B  at  time  of  damage 

8.  Restored  cross  section  B-B 

9.  8 t tripods 

10.  1 t riprap 
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19.  Ryotsu  Harbor 


Key : 

1.  Regional  facility  name 

2.  North  breakwater 

3.  Construction  method 

4.  Block  composite  breakwater 

5.  Date  completed 

6.  1962  (dissipation  works) 

7 . Date  damaged 

8.  12-24  Jan.  1966 

9.  Winter  season  wind  waves 

10.  Damage  status 

11.  420  m of  6.3  t dissipation  tetrapods  overreached  and  dispersed 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Blocks 

15.  Dimensions 

16.  Concrete 

17.  Unknown 

18.  Reinforcing  steel 

19.  Fill 

20.  Upper  concreting  in  site 

21.  Riprap  part 

22.  Foundation  mound 

23.  Per  piece 

24.  Outside  harbor  riprap  1.0  t/plece 

25.  Overlay 

26.  Consolidation  blocks 

27.  None 

28.  Precast  concrete  armor  units 

29.  6.3  t tetrapods 

30.  Wave  dissipation  riprap 

31.  Other 

32.  Design  data 

33.  Wave  height 

34 . Wave  pressure 

35 . Period 

36.  Angle  of  incidence 

37.  At  time  of  damage 

38.  Amount  of  damage 

39.  Levee  body  slide 

40.  Levee  body  slope 

41.  Condition  of  levee  body  damage 

42.  Dispersion  of  overlay 

43.  Dispersion  of  foundation  mound 

44.  Dispersion  of  consolidation  blocks 

45.  Dispersion  of  dissipation  works 
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46.  420.2  a extension,  2,011  blocks 

47.  Natural  conditions 

48.  Actual  measurement 

49.  Wave  direction 

50.  Tidal  level 

51 . Duration 

52.  Wind  velocity 

53.  Average  NW  24.0  m/sec;  peak  NW  34.0  m/sec. 

54.  Method  of  restoration 

55.  Restored  to  original  condition 
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19.  Ryotsu  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Harbor  region 

3.  North  breakwater 

4.  Damaged  section 

5.  Cross  section  A-A  prior  to  damage 

6.  Outer  harbor 

7 . Inner  harbor 

8.  6.3t  tetrapods 


I 

l 


19.  Ryotsu  Harbor 


Key: 

1.  Cross  section  A-A  at  time  of  damage 

2.  Restored  cross  section  A-A 

3.  6.3t  tetrapods 

4.  6.3t  tetrapods 
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20.  Kashlvazakl  Harbor 


Key: 

1.  Regional  facility  naae 

2.  Heat  breakwater 

3.  Conat ruction  method 

4.  Site  placed  concrete  conpoaite  breakwater 

5.  Date  completed 

6.  5 Nov.  1963 

7 . Date  damaged 

8.  19-20  Jan.  1966 

9.  Winter  aeaaon  wind  wavea 

10.  Damage  atatua 

11.  Foundation  mound  and  overlay  rocka  diaperaed;  conaolidatlon  blocka  were 
ahlfted  with  ahlft  and  drop  of  the  levee  body. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Prepackad  concrete 

15.  Dime na Iona 

16.  Concrete 

17.  Reinforcing  ateel 

18.  Pill 

19.  Unit  voluam  weight 

20.  Upper  concreting  In  aite 

21 . Riprap  part 

22 . Foundation  wound 

23.  Per  piece 

24.  Overlay 

25.  Outalde  harbor  riprap  1.5  t/plece,  lnalde  1.0  t/plece 

26.  Conaolidatlon  blocka 

27.  Outalde  harbor 

28.  Precaat  concrete  armor  blocka 

29.  None 

30.  Wave  dlaelpatlon  riprap 

31.  Other 

32.  Dealgn  data 

33.  Wave  height 

34.  Wave  preaaure 

35.  Unknown 

36.  Period 

37.  Angle  of  Incidence 

38.  At  time  of  damage 

39.  Amount  of  damage 

40.  Levee  body  allde 

41.  2 blocka  a maximum  of  0.26  m 

42.  Levee  body  alopa 

43.  Condition  of  lavea  body  damage 

44.  Cracka  dlaaectlng  levaa  body  (prapacked,  auparatructura) 

45.  Dlaperalon  of  overlay 


3 

46.  100  m extension  outside  harbor,  5640  m ; Inside  none 

47.  Dispersion  of  foundation  mound  . 

48.  100  ■ extension  outside  harbor,  1378  mJ 

49.  Dispersion  of  consolidation  blocks 

50.  40  extended  100  m 

51.  Dispersion  of  dissipation  works 

52.  Natural  conditions 

53.  Visual  measurement 

54.  Have  direction 

55.  Tidal  level 

56 . Duration 

57.  Wind  velocity 

58.  Average  NW  19.7  m/sec;  peak  NW  26.0  m/sec 

59.  Method  of  restoration 

60.  Damaged  site  left  untouched;  wave  dissipation  works  were  made  up  of 
12.0  t triangular  block  random  rubble. 
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20.  Kashlwazakl  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  West  breakwater 

3.  Damaged  section 

4.  East  breakwater 

5.  Ground  plan  and  long  section  of  damaged  section 

6.  Ground  plan 

7 . Outer  harbor 

8.  Damaged  extension  100  m (Hollow  triangular  block  reinforced  sector) 

9.  Inner  harbor 

10.  Long  section 

11.  Numbers  in  the  ground  plan  show  horizontal  movement  and  openings  of 
joints  in  main  levee  body;  those  in  the  long  section  show  settling  of 
the  levee  body. 
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20.  Kashiwazakl  Harbor 
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Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  1.5  t overlay 

5.  1.0  t overlay 

6.  Prepacked  concrete 

7.  Mat 

8.  Consolidation  blocks 

9.  Foundation  mound  (more  than  500  kg) 

10.  Cross  section  A-A  at  time  of  damage 

11.  Restored  cross  section  A-A 

12.  12  t hollow  triangular  block  rubble 
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21.  Himekawa  Harbor 


Key : 


1.  Regional  facility  name 

2.  West  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 
3.  Date  completed 

6.  4 Dec.  1968 

7.  Date  damaged 

8.  31  Jan.  1970 

9.  Low  pressure 

10.  Damage  status 

11.  Overlay  dispersed;  3 caissons  shifted  and  fell  from  the  cusp  and  one  of 
them  was  damaged  on  sidewall. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 
13.  Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill  _ 

19.  Sand.  Unit  volume  weight  2.0  t/m  . 

20.  Upper  concreting  in  site 

21.  Riprap  part 

22 . Foundation  mound 

23.  Per  piece 

24 . Overlay 

23.  Riprap  2.0  t/piece  inside  and  outside  harbor 

26.  Consolidation  blocks 

27.  Inside  and  outside  harbor 

28.  Precast  concrete  armor  units 

29.  None 

30.  Wave  dissipation  riprap 

31 . Other 

32.  Cusp  engulfed  (12.5  t tetrapods) 

33.  Design  data 

34.  Wave  height 

35 . Wave  pressure 

36.  Breskers 

37.  Period 

3t.  Angle  of  incidence 

If.  A t tine  of  damage 

41.  Levee  Body  slide 
4| . 1 celeaeae 


46.  Dispersion  of  overlay 

47.  52.0  m extension  outside  harbor,  2252  nr;  inside  none 

48.  Dispersion  of  foundation  mound 

49.  Dispersion  of  consolidation  blocks 

50.  5-10  m extension  of  27  outside  harbor;  2-10  m extension  of  6 inside 
harbor 

51.  Dispersion  of  dissipation  works 

52.  211  12.5  t tetrapods  used  for  the  dispersed  cusp 

53.  Natural  conditions 

54.  Uave  direction 

55 . Tidal  level 

56.  Duration 

57.  Unknown 

58.  Wind  velocity 

59.  Average  20.6  m/sec;  peak  30.2  m/sec. 

60.  Method  of  restoration 

61.  A restudy  of  designed  wave  height  resulted  In  a new  value,  6.5  m;  one 
caisson  with  a large  shift  was  restored  with  prepacked,  and  the  one 
damaged  against  the  sidewall  emptied  of  fill  and  refilled  with  pre- 
packed; wave  dissipation  construction  done  with  25.0  t tetrapods  on  the 
outer  side  of  the  harbor,  covering  the  whole  extension;  the  side  inside 
the  harbor  was  covered  with  12.5  t tetrapods. 


21 . Himekawa  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  West  breakwater 

4.  East  breakwater 

5.  Ground  plan  of  damaged  section 
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21.  Himekawa  Harbor 


Cross  section  prior  to  damage 
Outer  harbor 
Inner  harbor 
Normal 

Consolidation  blocks 

Overlay 

Caisson 

200  kg  foundation  mound 
Cross  section  A-A  at  time  of  damage 
Restored  cross  section  A-A 
25t  tetrapods 

Prepacked  fill  In  damaged  caisson 


21 . Hlmekava  Harbor 


Key: 

1.  Cross  section  B-B  at  tine  of  danage 

2 . Normal 

3.  Restored  cross  section  B-B 

4.  25t  tetrapod  rubble 
3.  Concreting  in  site 

6.  Prepacked 

7.  Caisson 

8.  25t  tetrapod  rubble 

9.  Riprap 
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22.  Wajima  Harbor 


Key: 

1.  Regional  facility  name 

2.  Wajima  breakwater  no.  1 

3.  Construction  method 

4.  Block  composite  breakwater 

5.  Date  completed 

6.  1953-1964 

7 . Date  damaged 

8.  1-2  Feb.  1972 

9 . Low  pressure 

10.  Damage  status 

11.  About  20  mid-level  blocks  shifted,  an  extension  of  87.8  m;  120  upper  level 
blocks  shifted;  60  m of  concrete  In  superstructure  destroyed  and  dispersed, 
30.3  m of  cracks 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Blocks 

15.  Dimensions 

16.  Concrete 

17.  Unknown 

18.  Reinforcing  steel 

19.  Fill 

20.  Upper  concreting  in  site 

21.  Riprap  part 

22 . Foundation  mound 

23.  Per  piece 

24 . Overlay 

25.  Outside  harbor,  600  kg  riprap 

26.  Consolidation  blocks 

27.  Outside  harbor 

28.  Inside  harbor 

29.  Precast  concrete  armor  units 

30.  Hone 

31.  Wave  dissipation  riprap 

32.  Other 

33.  Design  data 

34.  Wave  height 

35 . Wave  pressure 

36.  Breakers 

37.  Period 

38.  Angle  of  incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  Levee  body  slope 

43.  Condition  of  levee  body  damage 

44.  The  main  blocks  and  superstructure  destroyed  and  dispersed 

45.  Dispersion  of  overlay 
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Dispersion  of  foundation  mound 

Dispersion  of  consolidation  blocks 

Dispersion  of  dissipation  works 

Natural  conditions 

Visual  measurement 

Wave  direction 

Tidal  level 

Duration 

Wind  velocity 

Average  NNE  25.5  m/sec;  peak  NNE  31.2  m/sec 
Method  of  restoration 

The  main  mid-level  blocks  were  put  back  in  place,  the  upper-level  blocks 
worked  on  and  repaired,  and  upper  concreting  restored  to  original  condition. 
Wave  dissipation  works  were  constructed  with  12. 5t  tetrapod  random  rubble, 
using  broken  concrete  from  the  displaced  blocks  as  fill. 


I 

r 


22 . Waj ima  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Breakwater  no.  1 

3.  Damaged  section 

4.  Breakwater  no.  3 
3.  Breakwater  no.  2 

6.  Sand  barrier 

7.  Ground  plan  of  damaged  section 
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22.  Wajima  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Overlay 

5 . Foundation  mound 

6.  Cross  section  A-A  at  time  of  damage 

7.  Restored  cross  section  A-A 

8.  Overlay 

9 . Foundation  mound 
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23.  Kanazawa  Harbor 


Key: 

1.  Regional  facility  name 

2.  West  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Being  constructed 

7.  Date  damaged 

8.  14-16  Jan.  1968 

9.  Low  pressure 


10. 

Damage  status 

11. 

Front  iwaal  scoured,  overlay  rocks  dispersed,  and  consolidation  blocks 

shifted.  Further,  caissons  of  the  unfinished  superstructure  shifted  a 

maximum  of  80  cm  toward  inner  side. 

12. 

Prior  to  damage 

13. 

Vertical  part 

14. 

Caissons 

15. 

Dimensions 

16. 

Sidewall  0.35,  compartment  wall  0.2,  base  plate  0.5 

• _ . _ ...  . 

17. 

Concrete 

- • 

18. 

Reinforcing  steel 

19. 

Fill  , 

20. 

Sand.  Unit  volume  weight  2.0t/m  . > 4,- 

•>.  • - ...  ( . f 

21. 

Upper  concreting  in  site 

22. 

Riprap  part 

■ y • 

23. 

Foundation  mound 

24. 

Per  piece 

. ; - 

25. 

Overlay 

26. 

Riprap  l.Ot/plece  inside  and  outaide  harbor 

27. 

Consolidation  blocks 

28. 

Outside  harbor 

29. 

Inside  harbor 

30. 

Precase  concrete  armor  units 

31. 

None 

32. 

Wave  dissipation  riprap 

Vf* 

33. 

Other 

34. 

Design  data 

35. 

Wave  height 

<>r  i 

36. 

Wave  pressure 

4 , * *,*- 

37. 

Breakers 

38. 

Period 

& * r ’ 

v v.  • 

39. 

Angle  of  Incidence 

40. 

At  time  of  damage 

1 n 

41. 

Amount  of  damage 

42. 

Levee  body  slide 

' ' ■ r 

43. 

11  caissons,  maximum  0.78  a 

e- 

44. 

Levee  body  slope 

e ■ "j-  * re;  \ »■'.  * 

45. 

Condition  of  levee  body  daattge 

> * ‘ •'  • * • * 
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46.  Dispersion  of  overlay 

47.  130  a extension  outside  harbor,  amount  unknown;  damage  inside  harbor, 
amount  unknown. 

48.  Dispersion  of  foundation  mound 

49.  Dispersion  of  consolidation  blocks 

50.  130  m extension  outside  harbor,  amount  unknown;  none  inside  harbor. 

51.  Dispersion  of  dissipation  works 

52.  Natural  conditions 

53.  Actual  measurement 

54.  Wave  direction 

55.  Tidal  level 

56.  Unknown 

57.  Duration 

58.  Wind  velocity 

59.  Method  of  restoration 

60.  Consolidation  blocks  in  front  which  had  been  destroyed  were  restored; 
overlay  In  front  widened  4.0  m with  1.0  t riprap.  The  shifted  caissons 
were  not  restored  but  left  as  they  were. 
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23.  Kanazawa  Harbor 

Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

! . | 3.  West  breakwater 

4.  Bast  breakwater 


5.  Ground  plan  of  damaged  section 

6.  Prepacked  concrete 
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23.  Kanazawa  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Normal 

4.  Inner  harbor 

5.  Consolidation  blocks 

6 . Overlay 

7.  Consolidation  blocks 

8 . C-type  caisson 

9.  Foundation  mound 

10.  Cross  section  A-A  at  time  of  damage 

11.  Restored  cross  section  A-A 

12.  Caisson 
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24.  Aomori  Harbor 


Key: 

1.  Regional  facility  name 

2.  Aburakava  district  east  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 
5-.  Date  completed 

6.  Being  constructed 

7 . Date  damaged 

8.  28  Oct.  1967 

9.  Typhoon  No.  34 

10.  Damage  status 

11.  The  normal  shoulder  part  of  riprap  was  scattered  and  12  upper  unfinished 
caissons  shifted  90  cm  toward  inner  harbor  side. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.3,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete  _ ..  

18.  Reinforcing  steel 

19.  Fill 

20.  Sand.  Unit  volume  weight  2.0  t/m  . 

21.  Upper  concreting  in  site 

22 . Riprap  part 

23.  Foundation  mound 

24 . Per  piece 

25.  Overlay 

26.  Riprap  300  kg/plece  outside  harbor 

27.  Consolidation  blocks 

28.  Outside  harbor 

29.  Precast  concrete  armor  units 

30.  None 

31.  Have  dissipation  riprap 

32.  Other 

33.  Design  data 

34.  Have  height 

35.  Have  pressure 

36.  Breakers 

37.  Period 

38.  Angle  of  incidence 

39.  At  time  of  damage 

40.  Aaou.  <■  of  damage 

41.  Levei  body  allde 

42.  12  caissons  0.1-0. 9 a 

43.  Lavee  body  slope 

44.  Condition  of  levee  body  damage 

45.  Dispersion  of  overlay 
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3 

46.  150  m extension,  210  m 

47.  Dispersion  of  foundation  mound 

48.  Dispersion  of  consolidation  blocks 

49.  More  or  less  shifted 

50.  Dispersion  of  dissipation  works 

51.  Natural  conditions 

52.  Visual  measurement 

53.  Unknown 

54.  Wave  direction 

55.  Tidal  level 

56.  Duration 

57.  Wind  velocity 

58.  Average  ENE  24  m/sec;  peak  ENE  34  m/sec. 

59.  Method  of  restoration 

60.  The  caissons  left  as  they  were;  superstructure  was  made  up  according  to 
the  planned  normal.  Overlay  on  outer  harbor  side  was  restored  and  more 
overlay  on  the  inner  side  was  added  with  300  kg  riprap. 
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24 . Aomori  Harbor 


I 

t 

Key: 

1.  Location  of  damaged  facilities 

12.  East  breakwater 

3.  Damaged  section 

4.  Ground  plan  of  damaged  section 

5.  Consolidation  blocks 

6.  Dispersed  overlay 

7.  Overlay,  consolidation  blocks 

8.  Uncompleted  concreting 

9.  Fill  washed  out 


10.  Indicates  a caisson  that  shifted;  numbers  show  distance  in  meters. 


24.  Aomori  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Normal 

5.  Caisson 

6.  Consolidation  blocks 

7.  Overlay 

8.  Ocean  floor  slope  1/20 

9.  Foundation  mound 

10.  Cross  section  A-A  at  time  of  damage 

11.  Restored  cross  section  A-A 
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25.  Shiriyamisaki  Harbor 


1.  Regional  facility  name 

2.  Breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  1963 

7 . Date  damaged 

8.  21-22  Sept.  1967 

9.  Typhoon  No.  27 

10.  Damage  status 

11.  Caissons  shifted  0.57-0.87  m toward  inside  of  harbor 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Sidewall  0.3t  compartment  wall  0.25,  base  plate  0.45 

17.  Concrete 

18.  Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site 

23.  Riprap  part 

24.  Foundation  mound 

25.  Overlay 


None 

Consolidation  blocks 
Precast  concrete  armor  units 
Wave  dissipation  riprap 
Other 

Design  data 
Have  height 
Have  pressure 
Clapotls 
Period 

Angle  of  incidence 

At  time  of  damage 

Amount  of  daMge 

Levee  body  slide 

2 caissons,  maximum  0.87  m 

Levee  body  slope 

Consltion  of  levee  body  damage 

Dispersion  of  overlay 

Dispersion  of  foundation  mound 

Dispersion  of  consolidation  blocks 


46.  Dispersion  of  dissipation  works 

47.  Natural  conditions 

48.  Visual  Measurement 

49.  Wind  direction 

50.  Tidal  level 

51.  Duration 

52.  Wind  velocity 

53.  Peak  19.0  m/sec 

54.  Method  of  restoration 

55.  The  shifted  caissons  were  left  as  they  were,  and  wave  dissipation  works 
constructed  of  8 t tetrapods  random  rubble  with  200  kg  riprap  as  dissi- 
pation works  on  the  outer  side  of  the  harbor.  (The  dissipation  works 
were  dispersed  and  the  caissons  further  shifted  in  1969.) 


/ 
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25.  Shiriyamisakl  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damage  of  9-21-1967  and  11-25-1969 

3.  Benzalten  Island 

4.  Damaged  section 

5 . Inner  breakwater 

6.  Shirlya  breakwater 

7.  Ground  plan  of  damaged  section 

8.  8t  tetrapods  (restored) 

9.  Outer  harbor 

0.  Inner  harbor 

1 . Caisson 

2.  Shift  of  caisson 


25.  Shlriyamisalci  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  danage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Normal 

5.  Caisson 

6.  Cross  section  A-A  at  time  of  damage 

7.  Restored  cross  section  A-A 

8.  8 1 tetrapods  (random  rubble) 

9.  Wave-breaker  rocks  about  200  kg/piece 
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25.  Shirlyamisaki  Harbor 


Key: 

1.  The  earlier  restored  section  was  damaged  again  on  11-25-1969 ; (natural 

conditions:  wave  height  H 1/3  • 6.0  a,  visual). 

2.  Ground  plan  of  daaaged  section  (1969) 

3.  8 1 tetrapods  (restored) 

4.  Outer  harbor 

5 . Inner  harbor 

6.  8 1 tetrapods 

7.  Caisson  shift 

8.  Superstructure  daaage 

9.  Caisson 

10.  Prepacked  concrete 

11.  Cross  section  B-B  at  tiae  of  daaage 

12.  Normal 

13.  Restored  cross  section  B-B 

14.  Packed  cement 

15.  Have-breaker  rocks  about  200  kg 

16.  8 t tetrapods  (random  rubble) 

17.  Foundation  mound 

18.  Foundation  mound 
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26.  Hachinohe  Harbor 


Key: 

1.  Regional  facility  name 

2.  Kawaraki  east  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5 . Date  completed 

6.  Being  constructed 

7.  Date  damaged 

8.  6 July  1970 

9.  Typhoon  No.  2 

10.  Damage  status 

11.  4 caissons  shifted  while  upper  concreting  and  part  of  dissipation  works 
were  being  constructed;  2 of  these  developed  2-3  m/m  wide  cracks  on  the 
outer  harbor  sidewall;  overlay  and  dissipation  tetrapods  being  constructed 
in  one  part  were  dispersed. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Sea  sand.  Unit  volume  weight  1.56  t/m3 — in  air. 

21.  Upper  concreting  in  site 

22.  Unlfinl8hed 

23.  Riprap  part 

24.  Foundation  mound 

25.  Per  price  t 

26 . Overlay 

27.  Riprap  1.0  t/plece  inside  and  outside  harbor 

28 . Consolidation  blocks 

29 . Inside  harbor 

30.  Precast  concrete  armor  units 

31.  12.5  t tetrapods  (partly  finished) 

32.  Wave  dissipation  riprap 

33.  1.0  t/plece  (partly  finished) 

34 . Other 

35 . None 

36.  Design  data 

37 . Wave  height 

38.  Wave  pressure 

39.  Breakers 

40.  Period 

41.  Angle  of  Incidence 

42.  At  time  of  damage 

43.  Amount  of  damage 

44. '  Levee  body  slide 


45.  4 caissons,  maximum  0.47  m 

46.  Levee  body  slope 

47.  Condition  of  levee  body  damage 

48.  Cracks  1-3  mm  wide  on  2 caisson  sidewalls  (outer  harbor) 

49.  Dispersion  of  overlay 

50.  Outside  harbor,  95  m extension  of  about  300  m ; Inside  harbor  32  m 
extension  of  about  100  m3  (normal  shoulder  as  well) 

51.  Dispersion  of  foundation  mound 

52.  Dispersion  of  consolidation  blocks 

53.  About  10  extending  30  m 

54.  Dispersion  of  dissipation  works 

55.  About  21  extending  30  m 

56.  Natural  conditions 

57.  Uave  direction 

58.  Tidal  level 

59.  Duration 

60.  Wind  velocity 

61.  Method  of  restoration 

62.  The  shifted  caissons  were  left  as  they  were,  fill  and  granular  concrete 
removed  from  the  cracked  caissons  and  work  was  completed  with  reinforced 
concrete. 


I 
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26.  Hachinohe  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Hattaro  sector 

3.  Kawaraki  sector 

4.  Damaged  section 

5.  Kawaraki  east  breakwater 

6.  Ground  plan  of  damaged  section 

7.  Crack  in  caissons 

8.  Construction 

9.  Cracked  condition 


26.  Hachinohe  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4.  Normal 

5.  Overlay 

6.  Caisson 

7.  Two  layers  of  12.5 t tetrapods 

8.  It  wave-breakers 

9.  Consolidation  blocks 

10.  Foundation  mound 

11.  Cross  section  A-A  at  time  of  damage 

12.  Crack 

13.  Bestored  cross  section  A-A 

14.  Reinforced  concrete 

15.  Concrete 

16.  Fill 
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27.  Hachinohe  Harbor 


Key: 

1.  Regional  facility  name 

2.  Kawaraki  east  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Being  constructed 

7.  Date  damaged 

8.  13  Jan.  1972 

9.  Low  pressure 

10.  Damage  status 

11.  Hit  by  two  low  pressure  systems  on  13  and  16  Jan.;  7 caissons  shifted 

a maximum  of  0.186  m and  cracks  developed  on  the  outer  harbor  sidewalls 
of  6 of  these  starting  at  the  cusp. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Sand.  Unit  volume  weight  unknown. 

21.  Upper  concreting  in  site 

22 . Riprap  part 

23.  Foundation  mound 

24.  About  100-300  kg/piece 

25.  Overlay 

26.  Outside  harbor,  20.0  t overlay  blocks;  inside  harbor  1.0  t riprap 

27.  Consolidation  blocks 

28.  Outside  harbor 

29.  Inalde  harbor 

30.  Precast  concrete  armor  units 

31 . None 

32.  Have  dissipation  riprap 

33.  Other 

34.  Design  data 

35.  Have  height 

36.  Have  pressure 

37.  Breakers 

38.  Period 

39.  Angle  of  incidence 

40.  At  time  of  daauge 

41.  Amount  of  damage 

42.  Levee  body  slide 

43.  7 caissons,  maximum  0.186  m 

44.  Levee  body  alope 

45.  Condition  of  levee  body  damage 
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46.  Cracks  In  sidewalls  (outside  harbor)  of  6 caissons. 

47.  Dispersion  of  overlay 

48.  Dispersion  of  foundation  mound 

49.  Dispersion  of  consolidation  blocks 

50.  Dispersion  of  dissipation  works 

51.  Natural  conditions 

52.  Actual  measurement 

53.  Wave  direction 

54.  Tidal  level 

55.  Duration 

56.  4 h 

57.  Wind  velocity 

58.  Method  of  restoration 

59.  Fill  was  removed  to  -4.0  m from  No.  29-34  caissons  and  outer  harbor  side 
2 mass  and  replaced  with  concrete.  No  restoration  was  done  since  amount 
of  shift  of  caissons  did  not  affect  function  of  the  breakwater. 
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27.  Hachlnohe  Harbor 


Kay: 

1.  Location  of  damaged  facilities 

2 . Kawaraki  sec  tor 

3.  Hattaro  sector 

4.  Damaged  section 

5.  Kawaraki  breakwater 

6.  Ground  plan  of  damaged  section 

7.  Cracks  In  caisson  sidewalls 

8.  Outer  harbor 

9 . Inner  harbor 

10.  Caissons  shifted 


27.  Hachinohe  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4.  Caisson 

5 . Consolidation  blocks 

6.  Consolidation  blocks 

7 . Overlay  blocks 

8.  Vinyl  mat 

9.  Overlay  stone 

10.  Foundation  mound 

11.  Overlay  stone 

12.  Restored  section  A-A 

13.  Cracks  In  sidewalls 

14.  Concrete  fill 
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28.  Miyako  Harbor 


Key: 

1.  Regional  facility  name 

2.  Idesakl  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Sept.  1970 

7.  Date  damaged 

8.  16  Jan.  1971 

9.  Low  pressure 

10.  Damage  status 

11.  Three  caissons  newly  placed  on  the  top  part  shifted  a maximum  of  1.94  m 
toward  inside  harbor  and  because  of  this  cracks  developed  between  super- 
structure and  parapet  with  the  consolidation  blocks  settling. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.7 

17.  Concrete 

18.  Reinforcing  steel 

19.  Pill 

20.  Slag.  Unit  volume  weight  2.3t/mJ — fulling. 

21.  Upper  concreting  in  site 

22 . Riprap  part 

23.  Foundation  mound 

24.  Per  piece 

25.  Overlay 

26.  500  kg-l.Ot  riprap  inside  and  outside  harbor 

27.  Consolidation  blocks 

28.  Outside  harbor 

29.  Precast  concrete  armor  units 

30 . None 

31.  Have  dissipation  riprap 

32 . Other 

33.  Because  of  weakening  of  present  basin,  old  rails  used  to  prevent  round 
elide 

34.  Design  data 

35.  Have  height 

36.  Have  pressure 

37.  Partial  breakers 

38.  Period 

39.  Angle  of  incidence 

40.  At  time  of  damage 

41.  Amount  of  damage 

42.  Levee  body  slide 

43.  3 caissons,  maximum  1.94  m 
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44.  Levee  body  slope 

45.  Condition  of  levee  body  damage 

46.  Dispersion  of  overlay 

47.  Dispersion  of  foundation  mound 

48.  Dispersion  of  consolidation  blocks 

49.  Unknown 

50.  Dispersion  of  dissipation  works 

51.  Natural  conditions 

52.  Estimated 

53.  Wave  direction 

54 . Tidal  level 

55.  Duration 

56.  Wind  velocity 

57.  Method  of  restoration 

58.  Riprap  was  used  to  reinforce  inner  harbor  side  after  recalculating 
wave  pressure  from  the  breaker  equation  and  increasing  wave  pressure. 
The  shifted  levee  body  was  restored  to  original  condition. 


28.  Mlyako  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . Idesaki  breakwater 

3.  Damaged  section 

4 . Idesaki  pier 
3 . Fuj lwara  pier 

6.  Ground  plan  of  damaged  section 

7 . Outer  harbor 

8 . Inner  harbor 
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28.  Mlyako  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  duige 

2 . Inner  harbor 

3.  Outer  harbor 

4.  No real 

5.  Overlay 

6.  Caisson 

7.  Consolidation  blocks 

8.  Foundation  sound 

9.  Cross  section  A-A  at  ties  of  daeat* 

10.  Sand  eat 

10a.  Restored  cross  section  A-A 
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29.  Ena  Harbor 


Key: 

1.  Regional  facility  name 

2.  Breakwater  (offahore) 

3.  Conatructlon  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1971 

7.  Date  damaged 

8.  11-13  Sept.  1971 

9.  Typhoon  No.  26 

10.  Damage  status 

11.  Dispersion  of  overlay  tetrapods  and  foundation  mound  on  outer  harbor  side 
and  of  overlay  rock,  foundation  mound,  and  consolidation  blocks  on  Inner 
harbor  side.  Two  caissons  shifted,  1 cusp  caisson  shifted  toward  outer 
harbor  side  0.2  m because  of  scouring  of  foundation  mound  by  eddies 

and  one  other  shifted  0.3  ■ toward  Inner  harbor. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dlmsnslons 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill  . 

20.  Concrete.  Unit  volume  weight  2.3t/mJ 

21.  Upper  concreting  In  site 

22.  Cement  used  260  kg/m^ 

23.  Riprap  part 

24.  Foundation  mound 

25.  800  kg/piece  Inside  and  outside  harbor 

26.  Overlay 

27.  12.5 t tetrapods  outside  harbor;  1.0 t riprap  Inside  harbor 

28.  Consolidation  blocks 

29.  Outside  harbor 

30.  Inside  harbor 

31.  Precast  concrete  armor  units 

32.  Nona 

33.  Have  dissipation  riprap 

34.  Other 

35.  Design  ^ata 

36.  Have  height 

37.  Have  pressure 

38.  Breakers 

39.  Period 

40.  Angle  of  incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 

43.  Levee  body  slide 
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4A.  2 caissons,  maximum  0.3  ■ 

45.  Levee  body  slope 

46.  Condition  of  levee  body  daaage 

47.  Dispersion  of  overlay  . 

48.  Extension  unknown  outside  harbor,  53  pieces;  inside  harbor  unknown,  10CT 

49.  Dispersion  of  foundation  wound  . 

50.  Extension  enknown  outside  harbor,  220  a ; inside  harbor  3-5  a,  180  a3 

51.  Dispersion  of  consolidation  blocks 

52.  10  blocks  outside  harbor,  11  blocks  inside  harbor 

53.  Dispersion  of  dissipation  works 

54.  Natural  conditions 

55 . Visual  aaasureaent 

56.  Have  direction 

57.  Tidal  level 

58.  Duration 

59.  Wind  velocity 

60.  Average  BSE  7.2  a/sec;  peak  M 10.7  a/aec 

61.  Method  of  restoration 

62.  The  dsaaged  foundation  sound  on  outer  and  inner  harbor  sides,  overlay, 
and  consolidation  blocks  were  restored  to  original  condition.  A dissipa- 
tion works  was  constructed  on  the  outer  harbor  side  with  20.0 t tetrapods 
to  prevent  dispersion  of  foundation  wound  by  eddies.  The  shifted  caissons 
were  not  restored  since  they  did  not  affect  function  of  the  breakwater. 
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29.  Ena  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Breakwater  (offshore) 

3.  Damaged  section 

4.  East  outer  breakwater 

5.  West  breakwater 

6.  South  breakwater 

7.  Ground  plan  of  damaged  section 

8.  Outer  harbor 

9.  Inner  harbor 
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29.  Ena  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4 . Normal 

5.  Consolidation  blocks 

6.  Consolidation  blocks 

7 . Caisson 

8.  Foundation  mound  about  800  kg/piece 

9.  12.5 t tetrapods 

10.  Overlay  about  1 t/piece 

11.  Cross  section  A-A  at  time  of  damage 

12.  Restored  cross  section  A-A 

13.  20 t tetrapod  random  rubble 

14.  Riprap  about  800  kg/plece 
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30.  Nakanosaku  Harbor 


Key: 


1.  Regional  facility  name 

2.  Breakwater  (E) 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1967 

7 . Date  damaged 

8.  11-13  Sept.  1971  , 

9.  Typhoon  No.  26 

10.  Damage  status 

11.  12.0  t triangular  blocks  were  scattered.  At  the  same  time  6 t hollow 
triangular  blocks  and  5.0  t concrete  blocks  of  the  adjoining  protecting 
shore  (levee  D and  levee  C)  were  dispersed. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill  - 

20.  Concrete.  Unit  volume  weight  2.3  t/n» 

21.  Upper  concreting  in  site 

22.  Cement  used  270  kg/m3 

23.  Riprap  section 

24.  Foundation  mound 

25.  Per  piece 

26.  Overlay 

27.  500-700  kg  riprap  inside  and  outside  harbor 

28.  Consolidation  blocks 

29.  Outside  harbor 
30 4 Inside  harbor 

31.  Precast  concrete  armor  units 

32.  12.0  t hollow  triangular  block  random  rubble 

33.  Wave  dissipation  riprap 

34 . None 

35 . Other 

36.  Design  data 

37.  Wave  height 

38.  Wave  pressure 

39.  Breakers 

40.  Period 

41 . Unknown 

42.  Angle  of  incidence 

43.  At  time  of  damage 

44.  Amount  of  damage 

45.  Levee  body  slide 
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46.  Levee  body  slope 

47.  Condition  of  levee  body  damage 

48.  Dispersion  of  overlay 

49.  Dispersion  of  foundation  mound 

50.  Dispersion  of  consolidation  blocks 

51.  Dispersion  of  dissipation  works 

52.  80  hollow  triangular  blocks 

53.  Natural  conditions 

54 . Visual  measurement 

55.  Wave  direction 

56.  Tidal  level 

57 . Duration 

58.  Wind  velocity 

59.  Average  ESE  7.2  m/sec;  peak  N 10.7  m/sec. 

60.  Method  of  restoration 

61.  Main  body  was  reinforced  and  top  raised  +5.0  m 


30 . Nakanosaku  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . Breakwater  F 

3.  Offshore  breakwater 

4 . Breakwater 

5.  East  breakwater 

6.  Nakanosaku  harbor 

7.  West  breakwater 

8.  Area  used  for  harbor  facilities 

9.  Ground  plan  of  damaged  section 

10.  Wave  dissipation  works 

11.  Breakwater  E 

12.  Revetment  (breakwater  D) 

13.  Caisson 

14 . Cellular  blocks 

15 . Wave-breaker 

16.  Hollow  triangular  blocks 

17.  Concrete  blocks 

18.  Revetment  (breakwater  C) 

19.  Poured  concrete 


30.  Nakanosaku  Harbor 


Key: 


1.  Cross  section  (breakwater  E)  prior  to  damage 

2 . Inner  harbor 

3.  Outer  harbor 

4 . Overlay 

5.  Caisson 

6.  12  t hollow  triangular  blocks 

7 . Consolidation  blocks 

8.  Foundation  mound 

9.  Cross  section  (breakwater  E)  at  time  of  damage 

10.  Restored  cross  section  (breakwater  E) 
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30.  Fikanosaku  Harbor 


Key: 

1.  Restored  cross  section  (revetment  breakwater  D) 

2 . Inner  harbor 

3.  Outer  harbor 

4 . Cellular  blocks 

5.  6t  hollow  triangular  blocks 

6.  Overlay 

7.  Foundation  mound 

8*  Restored  cross  section  (revetment  breakwater  C) 
9.  Poured  concrete 
10.  5 t concrete  blocks 
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31.  Onahama  Harbor 


Key: 

1.  Regional  facility  name 

2.  Nest  breakwater  no.  1 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1968 

7 . Date  damaged 

8.  29-30  Mar.  1971 

9.  Low  pressure 

10.  Damage  status 

11.  Places  damaged  at  this  time  extended  far;  divided  into  3 types,  C,  D, 
and  E sections;  on  outer  harbor  side  where  front  normal  basin  scouring 
occurred,  8.0  t C-section  overlay  tetrapods  and  overlay  hollow  triangular 
blocks  were  overreached  on  their  whole  extension  and  dispersed.  The 
Same  happened  with  D-section  overlay  concrete  blocks.  E-section  overlay 
stone  and  foundation  mound  as  well  as  overlay  and  consolidation  blocks 
on  inner  harbor  side.  E-section  caissons  shifted  and  were  damaged  by 
waves . 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15 . Dimensions 

16.  E-type.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill  - 

20.  Slag.  Unit  volume  weight  2.2  t/s»  . 

21.  Upper  concreting  in  site 

22.  Cement  used  230  kg/a3 

23.  Riprap  part 

24.  Foundation  mound 

25.  50  kg/plece 

26.  Overlay 

27.  500  kg-1.0  t riprap  outside  harbor;  200  kg  riprap  inside  harbor 

28.  Consolidation  blocks 

29.  Outside  harbor 

30.  Inside  harbor 

31.  Precast  concrete  armor  units 

32 . None 

33.  Wave  dissipation  riprap 

34.  Other 

35.  Design  data 

36.  Wave  height 

37.  Period 

38.  Wave  pressure 

39 . Breakers 

40.  Angle  of  incidence 

41.  At  time  of  damage 

42.  Amount  of  damage 
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43.  Levee  body  elide 

44.  11  caissons,  maximum  0.96  ■ 

45.  Levee  body  slope 

46.  Condition  of  levee  body  damage 

47.  Cracks  in  12  caissons,  caving  in  and  holes  opening 

48.  Dispersion  of  overlay  . 

49.  1200  m extension  of  33,100  m outside  harbor;  447  m extension  of  3,300  m 
inside  harbor 

50.  Dispersion  of  foundation  mound 

51.  1200  m extension  of  7700  m^  outside  harbor;  447  m extension  of  2500  m* 
inside  harbor 

52.  Dispersion  of  consolidation  blocks 

53.  1000  extended  1200  m outside  harbor;  440  extended  447  m inside  harbor 

54.  Dispersion  of  dissipation  works 

55.  Natural  conditions 

56.  Estimated 

57 . Unknown 

58.  Have  direction 

59.  Tidal  level 

60.  Duration 

61.  Hind  velocity 

62.  Average  9.8  m/sec;  peak  14.8  m/sec 

63.  Method  of  restoration 

64.  Restored  as  consolidation  works  or  overlay  with  blocks  of  weight  necessi- 
tated by  significant  wave  height  at  time  of  damage.  The  shifted  caissons 
were  not  restored  since  they  did  not  affect  function  of  breakwater;  wave 
damaged  caissons  filled  with  concrete  and  restored.  Before  restoration 

t j this  site  was  again  damaged  in  Jan.  1972. 
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Onahama  Harbor 


I 
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1.  Location  of  damaged  facilities 

2.  West  breakwater  no.  2 

3.  West  breakwater  no.  1 

4.  Damaged  section 

5.  Ground  plan  of  damaged  section 

6.  Inner  harbor 

7.  Sector 

8.  Consolidation  inside  levee 

9 . Caisson 

10.  Outer  harbor 
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31 . Onahatna  Harbor 


Key: 

1.  More  damage  was  sustained  11-17  Jan.  1972  before  the  earlier  damage 

could  be  repaired  (natural  conditions:  H 1/3  = 6.82  m visually  measured, 

period  14  sec,  wave  direction  SE,  tide  +1.38  m) . 

2.  Status  of  damage  to  caissons 

3.  F sector 

4.  Inner  harbor 

5.  E sector 

6.  Caisson 

7 . Outer  harbor 

8.  Amount  caissons  shifted 

9.  Data  in  item  8 indicate  shift  in  1971  and  in  parentheses  the  shift  in  1962. 

10.  Places  where  cracks  appeared  in  caissons 

11.  Places  where  caissons  cracked  and  caved  in 

12.  Places  where  caissons  cracked  and  holes  developed 

13.  Holes.  No  reinforcing  steel. 

14.  Caved  in.  Reinforcing  steel  exposed. 

15.  Crack 

16.  In  restoration  f-*ll  steel  removed  and  concrete  poured  in. 
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31 . Onahama  Harbor 


Key: 

1.  Cross  section  C-C  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Caisson 

5.  Consolidation  blocks 

6 . Riprap 

7 . Overlay 

8.  8 t tetrapods 

9.  2 t hollow  triangular  blocks 

10.  Foundation  mound 

11 . Riprap 

12.  Cross  section  C-C  at  time  of  damage 

13.  Damage  from  1971 

14.  Damage  from  1972 

15.  Restored  cross  section  C-C 

16.  12.5  t tetrapod  random  rubble 
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31 . Onahama  Harbor 


Key; 

1.  Cross  section  D-D  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Consolidation  blocks 

5 . Riprap  blocks 

6 . Overlay 

7.  Caisson 

8.  Foundation  mound 

9.  Cross  section  D-D  at  time  of  damage 

10.  Damage  from  1971 

11.  Damage  from  1972 

12.  Restored  cross  section  D-D 

13.  20  t tetrapod  random  rubble 

14 . Overlay 

15.  Riprap 
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31.  Onahama  Harbor 


Key: 

1.  Cross  section  E-E  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4 . Consolidation  blocks 

5.  Overlay 

6.  Overlay 

7.  Caisson 

8.  Foundation  mound 

9.  Cross  section  E-E  at  time  of  damage 

10.  Damage  from  1971 

11.  Damage  from  1972 

12.  Restored  cross  section  E-E 

13.  25  t hollow  triangular  block  random  rubble 

14.  22  t hollow  triangular  blocks 

15.  Overlay 

16 . Riprap 
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32.  Onahama  Harbor 
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Key: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 


12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 


Regional  facility  name 

West  breakwater  no.  2 

Construction  method 

Caisson  composite  breakwater 

Date  completed 

Being  constructed 

Date  damaged 

31  Jan.  1970 

Low  pressure 

Damage  status 

Overlay  and  foundation  mound  dispersed,  and  caissons  completed  to  point 

of  replacement  and  concreting  shifted  in  a jagged  fashion;  concrete  of 

4 compartment  walls  destroyed  by  spray  and  27  walls  sunk  down  with  loss 

°f  fill;  12  caissons  developed  cracks  in  the  compartment  walls 

Prior  to  damage 

Vertical  part 

Caissons 

Dimensions 

Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.6 
Concrete 

Reinforcing  steel 
Pill 

Slag.  Unit  volume  weight  2.2  t/m  . 

Upper  concreting  in  site 
Unfinished  (cement  used  220  kg/ni  ) 

Riprap  part 
Foundation  mound 
More  than  50  kg/plece 
Overlay 

More  than  1.0  t riprap  outside  and  inside  harbor 
Consolidation  blocks 
Outside  harbor 
Inside  harbor 

Precast  concrete  armor  units 
None 

Have  dissipation  riprap 
Other 

Design  data 
Have  height 
Have  pressure 
Breakers 
P.rtod 

’ fell 


Angle  of  Incidence 
At  time  of  damage 
Amount  of  damage 
Levee  body  slide 


44.  11  caissons,  maximum  2.6  m 

45.  Levee  body  slope 

46.  Condition  of  levee  body  damage 

47.  Cracks  in  compartment  wall  in  one  caisson 

48.  Dispersion  of  overlay 

49 . Unknown 

50.  Dispersion  of  foundation  mound 

51.  Dispersion  of  consolidation  blocks 

52.  Dispersion  of  dissipation  works 

53.  Natural  conditions 

54.  Actual  measurement 

55.  Wave  direction 

56 . Tidal  level 

57.  Duration 

58.  Wind  velocity 

59.  Average  9.9  m/sec;  peak  28.0  m/sec 

60.  Method  of  restoration 

61.  Overlay,  foundation  mound,  and  consolidation  blocks  were  replaced  and 
repaired;  shifted  caissons  were  left  as  they  were;  places  where  fill 
came  out  were  replaced  and  the  compartment  walls  were  reinforced  with 
concrete  where  cracks  had  formed. 
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32.  Onahama  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  West  breakwater  no.  2 

3.  Damaged  section 

4.  Vest  breakwater  no.  1 

5.  Ground  plan  of  damaged  section 

6 . Damaged  overlay 

7.  Amount  caissons  shifted 

8.  Places  where  fill  came  out;  parentheses  indicate  discharge  width. 

9.  Places  where  fill  came  out  and  cracks  entered  the  compartment  walls 
parentheses  indicate  discharge  width. 
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32.  Onaharaa  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4.  Normal 

5.  Consolidation  blocks 

6 . Caisson 

7.  Overlay 

8.  Foundation  mound 

9.  Cross  section  A-A  at  time  of  damage 

10.  Restored  cross  section  A-A 


155 


32.  Onahama  Harbor 


Key : 

1.  Cross  section  B-B  prior  to  damage 

2.  Outer  harbor 

3 . Inner  harbor 

4 . Normal 

5 . Caisson 

6.  Consolidation  blocks 

7.  Overlay 

8.  Foundation  mound  of  more  than  50  kg/plece 

9.  Cross  section  B-B  at  time  of  damage 

10.  Restored  cross  section  B-B 

11.  Reinforced  concrete 

12.  Fill  added 
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33.  Onahama  Harbor 


Key : 

1.  Regional  facility  name 

2.  West  breakwater  no.  2 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Being  constructed 

7 . Date  damaged 

8.  11-13  Jan.  1972 

9.  Low  pressure 

10.  Damage  status 

11.  Caisson  13  with  the  upper  concreting  and  overlay  unfinished  tilted, 
part  of  caisson  17  was  visible  at  water  level;  in  places  fixed  caissons 
18-22  settled  into  foundation  mound  and  original  base  and  sank  below 
water  level.  Therefore,  the  foundation  mound,  consolidation  blocks, 

etc.,  were  so  damaged  that  they  could  not  be  restored  to  original  condition. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.6 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Sand.  Unit  volume  weight  1.9  t/ta 

21.  Upper  concreting  in  site 

22.  Hot  done  yet 

23.  Riprap  part 

24.  Foundation  mound 

25.  More  than  50  kg/piece 

26.  Overlay 

27.  Not  done  yet  (1.0  t riprap  inside  and  outside  harbor) 

28.  Consolidation  blocks 

29.  Inside  and  outside  harbor 

30.  Precast  concrete  armor  units 

31 . None 

32.  Wave  dissipation  riprap 

33.  Other 

34.  Design  data 

35.  Wave  height 

36.  Wave  pressure 

37.  Breakers 

38.  Period 

39.  Angle  of  incidence 

40.  At  time  of  damage 

41.  Amount  of  damage 

42.  Levee  body  slide 

43.  No  slippage  but  sinking  and  sloping  of  10  caissons  amid  foundation 
where  placed. 
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44.  Levee  body  slope 

45.  Condition  of  levee  body  damage 

46.  Dispersion  of  overlay 

47.  Dispersion  of  foundation  mound 

48 . Unknown 

49.  Dispersion  consolidation  blocks 

50.  Dispersion  dissipation  works 

51.  Natural  conditions 

52.  Wave  direction 

53.  Tidal  level 

54.  Duration 

55.  Hind  velocity 

56.  Method  of  restoration 

57.  Caissons  14-16  were  put  back  in  place;  dissipation  works  of  32  t tetrapods 
were  put  in  front;  caisson  17  was  raised  up  and  used  for  24,  18-22  being 
left  sunk  down;  parts  of  17-22  were  made  into  a riprap  block- type  sloping 
levee  with  32.0  t and  8.0  t tetrapods. 
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33.  Onahama  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  West  breakwater  no.  2 

4.  West  breakwater  no.  1 

5.  Ground  plan  and  long  section  of  damaged  section 

6 . Ground  plan 

7.  Extended  in  later  damage  (same  as  section  of  earlier  damage) 

8.  Block-type  sloping  levee 

9.  Put  back  in  place 

10.  Inner  harbor 

11.  Outer  harbor 

12.  Taken  out  (?  character  too  small  to  read);  used  as  caisson  no.  24 

13.  Long  section 


33.  Onahama  Harbor 


Key: 

1.  Cross  section  prior  to  damage 

2 . Hormal 

3 . Outer  harbor 

4 . Inner  harbor 

5.  Consolidation  blocks 

6 . Caisson 

7 . Overlay 

8.  Foundation  mound 

9.  Restored  cross  section  A-A 

10.  Consolidation  blocks 

11.  32  t tetrapods 

12.  8 t tetrapods 

13.  Riprap  more  than  50  kg/piece 

14.  Foundation  mound  more  than  50  kg/piece 

15.  Usual  riprap  more  than  50  kg/plece 

16.  Usual  foundation  mound 

17.  Restored  cross  section  B-B 
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33.  Onahama  Harbor 


Key: 

1.  Restored  cross  section  C-C 

2.  Normal 

3.  Outer  harbor 

4 . Inner  harbor 

5.  It  overlay 

6.  It  overlay 

7.  32  t tetrapods 

8.  Sunken  caisson 

9.  Riprap  more  than  50  kg/plece 

10.  Usual  riprap  more  than  50  kg/plece 

11.  Usual  riprap  more  than  1 t/piece 
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34 .  Kashima  Harbor 


Key : 


1.  Regional  facility  name 

2.  South  breakwater  (district  outside  harbor) 

3.  Construction  method 

4.  Caisson  composite  breakwater 
3.  Date  completed 

6.  5 Dec.  1971 

7 . Date  damaged 

8.  12  Jan.  1972 

9 . Low  pressure 

10.  Damage  status 

11.  Damaged  sections  H,  I,  and  J were  overreached  on  their  entire  extension 
and  the  concrete  blocks  and  foundation  mound  on  the  outer  harbor  side 
dispersed,  resulting  In  subsidence  of  consolidation  blocks  and  dispersion 
of  overlay  on  inner  harbor  side.  Twenty  caissons  within  this  section 
shifted  and  were  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.6 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill  , 

20.  Sand.  Unit  volume  weight  2.0  t/m  . 

21.  Upper  concreting  in  site 

22.  Riprap  part 

23.  Foundation  mound 

24 . Per  piece 

25 . Overlay 

26.  2.3  t concrete  blocks  outside  harbor;  500-600  kg  riprap  inside  harbor 

27.  Consolidation  blocks 

28.  Both  inside  and  outside  harbor 

29.  Precast  concrete  armor  units 

30.  None 

31.  Wave  dissipation  works 

32.  Other 

33.  Design  data 

34 . Wave  height 

35 . Wave  pressure 

36.  H,  I sections:  breakers;  J section:  partial  breakers. 

37.  Period 

38.  Angle  of  Incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  20  caissons,  maximum  4.74  m 

43.  Levee  body  slope 


44.  Condition  of  levee  body  damage 

45.  Dispersion  of  overlay  ^ 

46.  1100  m extension  of  20,000  mJ  outside  harbor;  1100  m of  10,000  m3  within 
harbor 

47.  Dispersion  of  foundation  mound 

48.  1100  m extension  of  5000  m^  outside  harbor 

49.  Dispersion  of  consolidation  blocks 

50 . Unknown 

51.  Dispersion  dissipation  works 

52.  Natural  conditions 

53.  Estimated 

54.  Uave  direction 

55.  Tidal  level 

56.  Duration 

57.  Wind  velocity 

58.  Average  ENE  18.3  m/sec;  peak  ENE  21.6  m/sec. 

59.  Method  of  restoration 

60.  Overlay  restored  to  outer  harbor  side  with  principal  blocks  and  to  inner 
side  with  1.0  t riprap  as  control  of  damage  on  200  m landside;  the 
remaining  900  m was  restored  with  an  overlay  of  6.3  t tetrapods  (outer 
side)  and  500-600  kg  riprap  (inner  side).  The  shifted  caissons  included 
185  with  greatest  displacement  which  were  put  back  in  place,  the  remaining 
19  not  being  restored. 
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34.  Kashima  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . Ship  channel 

3.  Prepared 

4.  [Characters  unreadable] 

5.  South  breakwater 

6.  Damaged  section 

7.  North  seashore  fill  area 

8.  South  seashore  fill  area 

9.  Central  ship  channel 

10.  Ground  plan  of  damaged  section 

11.  Sector 

12.  Amount  caissons  shifted 

13.  Caisson  no. 

14.  Meters  shifted 

15.  Replaced 
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34 . Kashima  Harbor 


Hey: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Normal 

5.  Consolidation  blocks 

6.  Overlay  blocks 

7.  Riprap 

8 . Foundation  mound 
8a.  Caisson 

9.  Cross  section  A-A  at  time  of  damage 

10.  Restored  cross  section  A-A 

11.  8 t principal  blocks 

12.  Riprap 

13.  1 t overlay 

14 . Riprap 
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34.  Kashima  Harbor 


Key: 

1.  Cross  section  C-C  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Normal 

5.  ( ) is  the  B-B  cross  section 

6.  Consolidation  blocks 

7 . Overlay 

8 . Riprap 

9.  Caisson 

10.  Overlay 

11.  Foundation  mound 

12.  Cross  section  C-C  at  time  of  damage 

13.  Restored  cross  section  C-C 

14.  6.3  t tetrapods 

15.  2.3  t overlay 
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35 .  Kashima  Harbor 


I 

■ 


I! 

I 


Key: 

1.  Regional  facility  name 

2.  South  breakwater  of  outer  harbor  district 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5 . Date  completed 

6.  Being  constructed 

7 . Date  damaged 

8.  24  Dec.  1972 

9 . Low  pressure 

10.  Damage  status 

11.  Main  place  damaged  was  150  m of  section  K;  10  caissons  were  partially 
built  but  all  shifted  and  the  outer  harbor  side  overlay  "canmael"  and 
inner  side  overlay  rock  and  foundation  mound  dispersed.  About  1100  m 
on  landside  was  overreached  and  displaced  caissons  scattered  about. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  0.6 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Sand.  Unit  volume  weight  2.0  t/ni 

21.  Upper  concreting  in  site 

22.  Riprap  part 

23.  Foundation  mound 

24.  Per  piece 

25 . Overlay 

26.  5.0  t "canmael"  outside  harbor,  1.0  t riprap  Inside  harbor 

27.  Consolidation  blocks 

28.  Both  inside  and  outside  harbor 

29.  Precast  concrete  armor  units 

30.  None 

31.  Have  dissipation  riprap 

32 . Other 

33.  Design  data 

34 . Wave  height 

35.  Wave  pressure 

36.  Partial  breakers 

37.  Period 

38.  Angle  of  incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  10  caissons,  maximum  3.83  m 

43.  Levee  body  slope 
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44.  Condition  of  levee  body  damage 

45.  Dispersion  of  overlay  ^ 

46.  150  m extension  of  100  m outside  harbor;  150  m extension  of  530  in 
Inside  harbor 

47.  Dispersion  of  foundation  mound 

48.  150  m extension  of  2000  m3  inside  harbor 

49.  Dispersion  of  consolidation  blocks 

50.  Dispersion  of  dissipation  works 

51.  Natural  conditions 

52.  Estimated 

53.  Wave  direction 

54 . Tidal  level 

55.  Duration 

56.  Wind  velocity 

57.  Average  NNE  22.6  m/sec;  peak  NNE  29.2  m/aec. 

58.  Method  of  restoration 

59.  Top  edge  of  overlay  on  outer  harbor  side  was  raised  0.9  ■ and  restored 
with  10  t tetrapods;  overlay  on  inner  side  raised  4.5  ■ and  restored 
with  1.0  t riprap.  The  displaced  caissons,  200  with  the  biggest  dis- 
placement, were  put  back  in  place  but  the  rest  not  restored. 


li 


35.  Kashima  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Ship  channel  to  outer  harbor 

3.  Damaged  section 

4.  South  breakwater 

5.  North  seashore  fill  area 

6.  South  seashore  fill  area 

7.  Central  ship  channel 

8.  Ground  plan  of  damaged  section 

9.  Caisson  no. 

10.  Average  distance  shifted 

11.  Caisson  no. 

12.  Average  distance  shifted 

13.  Caisson  no. 

14.  Average  distance  shifted 

15.  Replaced 

16.  Amount  caissons  shifted 

17.  Parentheses  indicate  caissons  shifted  in  January  1972. 
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35.  Kashima  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Normal 

5.  Consolidation  blocks 

6.  Caisson 

7.  Consolidation  blocks 

8.  5 t "kanmael" 

9 . Overlay 

10.  Vinyl  mat 

11 . Foundation  mound 

12 . Overlay 

13.  Vinyl  mat 

14.  Cross  section  A-A  at  time  of  damage 

15.  Overlay 

16.  Restored  cross  section  A-A 

17.  Overlay 

18.  10  t tetrapods 

19.  200-500  kg  riprap 

20.  500-1000  kg  riprap 
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36.  Ataml  Harbor 


Regional  facility  name 

East  breakwater 

Construction  method 

Caisson  composite  breakwater 

Date  completed 

25  Dec.  1971 

Date  damaged 

11-12  Jan.  1972 

Low  pressure 

Damage  status 

100.82  m damaged;  9 of  10  caissons  displaced,  in  particular  2 on 
cusp  fell  from  mound  and  tilted.  Therefore  the  overlay  rocks,  foi 
mound,  and  consolidation  blocks  on  inner  harbor  aide  dispersed.  I 
and  foundation  mound  on  outer  harbor  side  also  dispersed. 

Prior  to  damage 
Vertical  part 
Caissons 
Dimensions 

Sidewall  0.4,  compartment  0.4,  base  plate  0.5 
Concrete 

Reinforcing  steel 
Fill 

Less  than  50  m/m  broken  stone.  Unit  volume  weight  in  air  1.6  t/m' 

Upper  concreting  in  site 

Riprap  part 

Foundation  mound 

About  50  kg/plece 

Overlay 

2.0  t riprap  outside  harbor;  1.0  t riprap  inside  harbor 

Consolidation  blocks 

Both  inside  and  outside  harbor  - 

Precast  concrete  armor  units 

None 

Have  dissipation  riprap 
Other 

Design  data 
Have  height 
Have  pressure 
Breakers 
Period 

Angle  of  incidence 
Unknown 

At  time  of  damage 
Amount  of  damage 
Levee  body  slide 


43.  9 caissons,  maximum  15.5  n 

44.  Levee  body  slope 

45.  Condition  of  levee  body  damage 

46.  Dispersion  of  overlay 

47.  70.4  m extension  of  unknown  quantity  outside  harbor;  100.8  m extension 
of  727.5  m3  inside  harbor 

48.  Dispersion  of  foundation  mound 

49.  20  m extension  of  443  m^ 

50.  Dispersion  of  consolidation  blocks 

51.  38  extend  28.0  m outside  harbor;  none  Inside 

52.  Dispersion  of  dissipation  works 

53.  Natural  conditions 

54.  Visual  measurement 

55.  Have  direction 

56.  Tidal  level 

57.  Duration 

58.  Wind  velocity 

59.  Method  of  restoration 

60.  Two  displaced  caissons  were  put  back  in  place  on  the  largely  shifted 
cusp;  damage  on  inner  harbor  side  was  restored  to  original  condition 
and  dissipation  works  of  12.5  t tetrapods  were  emplaced  over  the  whole 
length  of  damaged  outer  harbor  side. 


36.  Atami  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  East  breakwater 

3.  Ground  plan  of  damaged  section 

4.  Amount  caissons  shifted 

5.  12.5  t tetrapods 

6.  Replaced 


36 . Ataml  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Inner  harbor 

3.  Outer  harbor 

4.  Normal 

5.  Caisson 

6.  Consolidation  blocks 

7.  Overlay 

8.  Overlay 

9.  Foundation  mound 

10.  Cross  section  A-A  at  time  of  damage 

11.  Restored  cross  section  A-A 

12.  Concrete  blocks 

13.  12.5  t tetrapods 
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37 .  Numazu  Harbor 


Key : 

1.  Regional  facility  name 

2.  Outer  harbor  west  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1965 

7 . Date  damaged 

8.  17-18  Sept.  1965 

9.  Typhoon  Ho.  24 

10.  Damage  status 

11.  Of  the  321.9  m in  the  damaged  sector,  14  caissons  shifted  and  in  particular 
3 and  4 were  pushed  in  the  middle  of  the  mound  and  tilted.  The  caissons 
not  displaced  also  settled;  the  entire  length  of  the  front  dissipating 
tetrapods  were  overreached  and  dispersed.  Some  of  the  overlay  on  the 
inner  harbor  side  was  also  overreached  and  damaged. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15 . Dimensions 

16.  Sidewall  0.2-0. 4,  compartment  wall  0.2,  base  plate  0.4 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Gravel.  Unit  volume  weight  1.8t/ni  — in  air 
20a.  Upper  concreting  in  site 

21 . Unknown 

22.  Riprap  part 

23.  Foundation  mound 

24 . Per  piece 

25.  Overlay 

26.  Riprap  more  than  1.0  t per  piece  Inside  and  outside  harbor 

27.  Consolidation  blocks 

28.  Inside  harbor 

29.  Precast  concrete  armor  units 

30.  8.0  t tetrapods 

31.  Wave  dissipation  riprap 

32 . Hone 

33 . Other 

34.  Design  data 

35.  Wave  height 

36.  Wave  pressure 

37.  Breakers 

38.  Period 

39.  Angle  of  incidence 

40.  At  time  of  damage 

41.  Amount  of  damage 
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A2.  Levee  body  slide 

A3.  1A  caissons,  maximum  9.6  m 

AA.  Levee  body  slope 

A5.  Condition  of  levee  body  damage 

A6.  Dispersion  of  overlay  ^ 

A7.  Outside  harbor,  none;  182  m extension  of  986  in  inside 
A8.  Dispersion  of  foundation  mound 
A9.  187  m extension  of  1738  m3 

50.  Dispersion  of  consolidation  blocks;  32A  m extension  of  163  pieces 

51.  Dispersion  of  dissipation  works:  321.9  m extension  of  212A  m3 

52.  Wave  direction 

53.  Duration 
5A.  Tidal  level 

55.  Hind  velocity 

56.  Average  7.2  m/sec;  peak  33.0  m/sec 

57.  Natural  conditions 

58.  Method  of  restoration 

59.  Overlay  damage  on  the  inner  harbor  side  restored  to  original  condition; 
displaced  caissons  put  back  in  place  at  right  angles  to  normal,  stretched 
out  12.0  m,  and  lacking  parts  were  rebuilt  and  put  in  place.  Overlay  on 
the  outer  harbor  side  was  left  as  it  was  and  the  dissipation  works  restored 
with  20.0  t tetrapods.  The  place  where  the  main  body  settled  was  raised 
only  in  the  sunken  part  as  superstructure. 
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37 . Numazu  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . Kano  river 

3.  Outer  harbor 

4.  West  breakwater 

5.  East  breakwater 

6.  Training  levee 

7.  Damaged  section 

8.  Ground  plan  of  damaged  section 

9.  Caissons  replaced 

10.  Superstructure  raised 

11.  Caissons  replaced  (restoration  same  as  A-A) 
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37.  Numazu  Harbor 


I 

r. 

| Key: 

1.  Cross  section  prior  to  damage 

12.  Outer  harbor 

3.  Inner  harbor 

4.  Superstructure 

5.  Caisson 

6.  Consolidation  blocks 

7.  8 t tetrapods  in  2 layers 

8.  Foundation  mound,  about  50  kg/plece 

9.  Overlay,  more  than  1 t/piece 

10.  Cross  section  at  time  of  damage 

11.  Restored  cross  section 

12.  Caisson 

13.  20  t or  recovered  8 t tetrapods 

14.  50-200  kg  foundation  mound 


37 . Numazu  Harbor 


1.  Cross  section  B-B  at  time  of  damage 

2.  Restored  cross  section  B-B 

3.  20  t tetrapods 

4.  Consolidation  blocks 

5.  Overlay  more  than  1 t/plece 

6 . Caisson 

7.  Foundation  mound  about  50  kg/piece 
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38.  Numazu  Harbor 


Regional  facility  naae 

Outer  harbor  east  breakwater 

Construction  method 

Caisson  composite  breakwater 

Date  completed 

25  Mar.  1961 

Date  damaged 

17-18  Sept.  1965 

Typhoon  No.  24 

Damage  status 

Four  caissons  over  a 40.4  m section  were  damaged,  and  2 of  them  were 
displaced,  one  on  the  cusp  was  thrown  out  and  overturned.  Because  of 
this  overlay  rock  and  consolidation  blocks  on  the  inner  harbor  side 
were  dispersed.  Have  dissipation  works  in  front  of  8.0 t tetrapods  of 
the  5.0 t tetrapod  cusp  were  dispersed. 

Prior  to  damage 
Vertical  part 
Caissons 
Dimensions 

Sidewall  0.2,  compartment  wall  0.2,  base  plate  0.3 
Concrete 

Reinforcing  steel 
Fill 

Concrete.  Unit  volume  weight  2.3  t/in 

Upper  concreting  in  site 

Riprap  part 

Foundation  mound 

Per  piece 

Overlay:  2.0  t riprap  inside  harbor 

Consolidation  blocks 
Inside  harbor 

Precast  concrete  armor  units 

5.0 t tetrapods 

Wave  dissipation  riprap 

None 

Other 

8.0 t tetrapods  on  cusp 

Design  data 

Wave  height 

Wave  pressure 

Breakers 

Period 

Angle  of  Incidence 
At  time  of  damage 
Amount  of  damage 
Levee  body  slide 
2 caissons,  maximum  15.0  m 
Levee  body  slope 


f 


44.  90*  (overturned) 

45.  Condition  of  levee  body  wave  damage 

46.  None 

47 . Dispersion  of  overlay 

48 . Unknown 

49.  Dispersion  of  foundation  mound 

50.  Dispersion  of  consolidation  blocks 

51.  Dispersion  of  wave  dissipation  works 

52.  5.0  t tetrapods,  amount  unknown 

53.  Natural  conditions 

54.  Have  height 

55.  Actual  measurement 

56.  Wave  direction 

57.  Tidal  level 

58.  Duration 

59.  Wind  velocity 

60.  Average  7.2  m/sec;  peak  33.0  m/sec 

61.  Method  of  restoration 

62.  Further  damaged  24-25  Sept.  1966  and  thus  restored  on  the  basis  of  the 
1966  dsmage.  Two  displaced  caissons  were  put  back  on  a large  adjacent 
cross  section  caisson  with  a pneumatic  caisson  as  cusp.  The  front  of 
the  other  two  was  restored  with  2.0  t tetrapods. 
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38.  Numazu  Harbor 
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II 


Key: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 


Location  of  damaged  facilities 

See  Numazu  outer  harbor  west  breakwater  (37) 

Ground  plan  of  damaged  section 

Outer  harbor 

Consolidation  blocks 

20  t tetrapods 

Caissons  (new) 

Sunken  caisson 
Caisson 
2 t overlay 
Consolidation  blocks 
Inner  harbor 


38.  Numazu  Harbor 


Key : 

1.  Cross  section  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  5 t tetrapods 

5.  Caisson 

6.  Consolidation  blocks 

7.  2.0  t overlay 

8.  Foundation  mound 

9.  Cross  section  A-A  at  time  of  damage 
9a.  Present  damage 

10.  Further  damage  sustained  in  1966  before  A-A  was  repaired.  Restoration 
was  therefore  as  of  1966  damage. 

11.  1966 


38.  Numazu  Harbor 


Key: 

1.  Restored  cross  section  A-A 

2.  Consolidation  blocks 

3.  Overlay 

4 . Caisson 

5.  Foundation  Bound 

6.  Restored  cross  section  B-B 

7 . Outer  harbor 

8.  Inner  harbor 

9 . Sunken  caisson 

10.  (Illegible) 
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39.  Ukusu  Harbor 


Key: 


1.  Regional  facility  name 

2.  Breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5 . Date  completed 

6.  25  Mar.  1964 

7.  Date  damaged 

8.  27-28  Oct.  1967 

9.  Typhoon  No.  34 

10.  Damage  status 

11.  Two  caissons  of  the  cusp  were  displaced  and  settled,  and  overlay  and 
foundation  mound  on  the  outer  harbor  side  and  overlay  on  the  inner  side 
were  dispersed. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Member  thickness  unknown 

17.  Concrete 

18 . Unknown 

19.  Reinforcing  steel 

20.  Pill 

21.  Unit  volume  weight  unknown 

22.  Upper  concreting  in  site 

23.  Riprap  part 

24 . Foundation  mound 

25.  200  kg  inside  and  outside  harbor 

26 . Overlay 

27.  2.0  t riprap  inside  and  outside  harbor 

28.  Consolidation  blocks 

29.  Outside  harbor 

30.  Precast  concrete  armor  units 

31 . None 

32.  Wave  dissipation  riprap 

33.  Other 

34.  Design  data 

35 . Wave  height 

36.  Wave  pressure 

37.  Period 

38.  Angle  of  incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  2 caissons,  maximum  2.35  m 

43.  Levee  body  slope 

44.  Conddltlon  of  levee  body  damage 

45.  Dispersion  of  overlay 
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46.  Dispersion  of  foundation  mound 

47.  Dispersion  of  consolidation  blocks 

48.  Dispersion  of  dissipation  works 

49.  Natural  conditions 

50.  Wave  direction 

51.  Tidal  level 

52.  Duration 

53.  Wind  velocity 

54.  Method  of  restoration 

55.  The  displaced  caissons,  overlay,  and  foundation  mound  were  not  restored; 
dissipation  works  of  5.0  t empty  triangular  blocks  were  emplaced  on  outer 
harbor  side,  and  overlay  on  the  inner  side  was  restored  to  the  original 
state. 
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Ukusu  Harbor 


Location  of  damaged  facilities 

Breakwater 

Damaged  section 

Ground  plan  of  damaged  section 

Outer  harbor 

Inner  harbor 

Amount  caisson  moved 


39.  Ukusu  Harbor 


I 
I 

Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Normal 

3 . Outer  harbor 

4 . Inner  harbor 

5.  Consolidation  blocks 

6.  Overlay 

7.  Caisson 

8.  Foundation  mound 

9.  Cross  section  A-A  at  time  of  damage 

10.  Restored  cross  section  A-A 

11.  Overlay  more  than  2t/piece 

12.  5.0t  hollow  triangular  block  random  rubble 
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40.  Takonouda  Harbor 


Key: 


I! 

II 

II 

II 

II 


1.  Regional  facility  name 

2.  West  breakwater 

3.  Construction  method 

4.  Pneumatic  caisson  breakwater 

5.  Date  completed 

6.  11  May  1961 

7 . Date  damaged 

8.  17  Sept.  1965 

9.  Typhoon  No.  24 

10.  Damage  status 

11.  Eleven  pneumatic  caissons  were  in  place  in  this  breakwater;  the  outer 
harbor  side  nos.  7 and  10  base  was  scoured  out  and  these  2 tilted  toward 
the  outer  harbor;  joints  on  both  sides  of  no.  10  were  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Pneumatic  caissons 

15.  Dimensions 

16.  No.  7,  No.  10 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Concrete.  Unit  volume  weight  2.3t/m  . 

21.  Upper  concreting  in  site 

22 . Riprap  part 

23.  Foundation  mound 

24 . None 

25 . Overlay 

26.  Consolidation  blocks 

27.  Precast  concrete  armor  units 

28.  Wave  dissipation  riprap 

29.  Other 

30.  Design  data 

31 . Wave  height 

32.  Wave  pressure 

33 . Unknown 

34.  Period 

35.  Angle  of  Incidence 

36.  At  time  of  damage 

37.  Amount  of  damage 

38.  Levee  body  slide 

39.  Levee  body  slope  (No.  7 and  No.  10) 

40.  Condition  of  levee  body  damage 

41.  Joints  between  nos.  9 end  10  and  nos.  10  and  11  destroyed 

42.  Dispersion  of  overlay 

43.  Dispersion  of  foundation  mound 

44.  Dispersion  of  consolidation  blocks 

45.  Dispersion  of  dissipation  works 


46.  Natural  conditions 

47.  Uave  height 

48.  Wave  direction 

49.  Tidal  level 

50.  Duration 

51.  Wind  velocity 

52.  Method  of  restoration 

53.  Consolidation  caissons  and  blocks  in  front  of  nos.  7-11  were  set  in  place, 
reinforcing  steel  and  asphalt  mastic  were  placed  between  the  main  bodies 
of  nos.  7 and  10;  H-type  steel  was  placed  on  the  inner  harbor  side  of 

no.  10  at  the  same  time  to  prevent  any  scouring  in  the  future;  concrete 
plates  connected  with  no.  10  prevented  damage  from  falling  over.  (After 
having  been  restored,  nos.  7 and  10  were  again  damaged  on  26  Sept.  1966 
by  typhoon  no.  26.) 


40.  Tagonouda  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . Tagonouda  harbor 

3.  East  breakwater 

4.  Caisson  no.  7 
3.  Caisson  no.  10 

6.  Ground  plan  of  damaged  section 

7.  Asphalt  mastic  fill  riprap  at  lt/plece 

8.  Inner  harbor 

9.  Outer  harbor 

10.  Caissons  (with  numbers) 

11 . Consolidation  blocks 

12.  Caisson  (consolidating) 

13.  Asphalt  mastic  steel  wire  network 

14.  Consolidation  caisson  no.  1 

15.  Consolidation  caisson  no.  2 

16.  Consolidation  caisson  no.  3 

17.  Consolidation  caisson  no.  4 

18.  Consolidation  caisson  no.  5 

19.  Consolidation  caisson  no.  6 


40.  Tagonouda  Harbor 


Key: 

1.  Cross  section  of  caisson  7 prior  to  damage 

2.  Inner  harbor 

3.  Outer  harbor 

4.  Caisson  no.  7 

3.  Cross  section  of  caisson  no.  7 at  time  of  damage 

6.  Restored  cross  section  of  caisson  no.  7 

7.  Asphalt  mastic  steel  wire  network 

8.  Consolidation  caisson  no.  8 
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40.  Tagonouda  Harbor 


1.  Cross  section  of  caisson  no.  10  prior  to  damage 

2 . Inner  harbor 

3.  Outer  harbor 

4.  Caisson  no.  10 

5.  Cross  section  of  caisson  no.  10  at  time  of  damage 


40.  Tagonouda  Harbor 


1 KCy ! 

1.  Restored  cross  section  of  caisson  no.  10 

• 2.  Upper  concreting 

1 3.  1 t asphalt  mastic  riprap 

4.  Caisson  no.  10 

5.  Shaft 

i 6.  Consolidation  caisson  no.  3 

■ 7.  Asphalt  mastic  steel  wire  network 

8.  Having  been  damaged  again  in  1966  while  restoration  was  in  progress,  it 
I was  rebuilt  as  shown  below  (natural  conditions:  H max  10.0  m) 

1 9.  Ground  plan  of  damaged  section 

10.  Damaged  caisson  no.  3 
m 11.  Damaged  caisson  no.  2 

H 12.  Damaged  caisson  no.  1 

13.  Inner  harbor 

14.  Outer  harbor 
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40 . Tagonouda  Harbor 


Key: 

1.  Restored  cross  section  of  caisson  no.  7 (1966  damage) 

2.  Inner  harbor 

3.  Outer  harbor 

4.  Damaged  caisson  no.  2 

5.  Caisson  no.  7 

6.  Restored  cross  section  of  caisson  no.  10  (1966  damage) 

7.  Damaged  caisson  no.  1 

8.  Caisson  no.  10 

9.  Consolidation  caisson  no.  3 
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41 .  Hamana  Harbor 


Key: 

1.  Regional  facility  name 

2.  Training  levee  (east) 

3.  Construction  method 

4.  Block  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1959 

7.  Date  damaged 

8.  16-17  Sept.  1972 

9.  Typhoon  No.  20 

10.  Damage  status 

11.  The  normal  basin  on  the  inner  harbor  side  was  washed  out  by  rapid  currents 
from  a receding  tide  where  the  waves  were  concentrated;  consolidation 
blocks  were  dispersed,  and  blocks  fell  toward  the  inner  side  because  of 
wave  pressure  at  places  where  the  levee  body  was  weakened;  concrete  piles 
on  inner  harbor  side  were  also  damaged. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Blocks 

15 . Dimensions 

16 . Unknown 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Upper  concreting  in  site 

21.  (Superstructure  on  concrete  piles) 

22.  Riprap  part 

23.  Foundation  mound 

24 . Overlay 

25 . None 

26.  Consolidation  blocks 

27.  2.5t  tetrapods  inside  harbor 

28.  Precast  concrete  armor  units 

29.  Wave  dissipation  riprap 

30.  Other 

31.  ^ ■ 0.35  m around  blocks;  1_  ■ 8.0  m for  concrete  piles 

32.  Design  data 

33.  Wave  height 

34.  Wave  pressure 

35.  Period 

36.  Angle  of  incidence 

37.  At  time  of  damage 

38.  Amount  of  damage 

39.  Levee  body  slide 

40.  Levee  body  slope 

41.  Condition  of  levee  body  damage 

42.  Breaking  of  concrete  piles 

43.  Dispersion  of  overlay 

44.  Dispersion  of  foundation  mound 

45.  Dispersion  of  consolidation  blocks 

1M 


/ — 


Unknown 

110  blocks  extended  63.8  m 

Dispersion  of  dissipation  works 

Natural  conditions 

Wave  direction 

Tidal  level 

Duration 

Wind  velocity 

Average  16.3  m/sec;  peak  31.3  m/sec 
Method  of  restoration 

Cross  section  of  the  blocks  was  enlarged  except  for  broken  concrete  piles. 
5.0t  tetrapods  were  restored  on  the  inner  harbor  side  as  consolidation 
works;  H-type  steel  was  added  to  the  front  15.0  m of  the  levee  body  to 
prevent  scattering  of  the  tetrapods. 
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41 . Hama n a Harbor 


Key: 

1.  Location  of  damaged  facilities 

2 . Lake  Hamana 

3.  Damaged  section  A 

4.  East  training  levee 

5.  Damaged  section  B 

6.  Ground  plan  of  damaged  sections 

7.  Inner  harbor 

8.  Damaged  sector 

9.  5t  tetrapods  work  sector 

10.  Sector  where  concrete  blocks  were  replaced 

11.  Superstructure  of  damaged  piles 

12 . Concrete  blocks 

13.  Apron  overlay 

14 . Outer  harbor 


41.  Hamana  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Inner  harbor 

3.  Concrete  blocks 

4.  2. St  tetrapods 

5.  Concrete  piles 

6.  Cross  section  A-A  at  time  of  damage 

7.  Restored  cross  section  A-A 

8.  St  tetrapods 
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42.  Hamana  Harbor 
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Key: 

1.  Regional  facility  nane 

2.  Training  levee  (east) 

3.  Construction  method 

4.  Riprap  sloping  levee 

5 . Date  completed 

6.  25  Mar.  1972 

7 . Date  damaged 

8.  16  Sept.  1972 

9.  Typhoon  No.  20 

10.  Damage  status 

11.  Wave  dissipation  tetrapods  on  inner  harbor  side  were  scattered  on  the 
whole  131.0  m extension  that  was  damaged;  concrete  blocks  of  the  upper 
riprap  shifted  and  either  tilted  or  overturned. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Blocks 

15 . Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill 

19.  Upper  concreting  in  site 

20 . None 

21.  Riprap  part 

22 . Foundation  mound 

23.  500  kg/plece 

24 . Overlay 

25.  l.Ot  riprap  Inside  and  outside  harbor 

26.  Consolidation  blocks 

27.  Precast  concrete  armor  units 

28.  16. Ot  tetrapods  outside  harbor;  12. 5t  tetrapods  Inside 

29.  Wave  dissipation  riprap 

30.  Other 

31 . Design  data 

32.  Wave  height 

33 . Wave  pressure 

34 . Breakers 

35 . Period 

36.  Angle  of  incidence 

37.  At  time  of  damage 

38.  Amount  of  damage 

39.  Levee  body  slide 

40.  Levee  body  slope 

41.  Condition  of  levee  body  damage 

42.  3 upset  on  both  crowns 

43.  Dispersion  of  overlay 

44.  Dispersion  of  foundation  mound 

45.  Dispersion  of  consolidation  blocks 
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46.  Dispersion  of  dissipation  works 

47.  506  blocks,  including  those  inside  and  outside  harbor,  extended  131.0  m 

48.  Natural  conditions 

49.  200  m ^ of  riprap  settled 

50 . Unknown 

51.  Wave  direction 

52.  Tidal  level 

53.  Duration 

54.  Wind  velocity 

55.  Average  16.3  m/sec;  peak  31.5  m/sec 

56.  Method  of  restoration 

57.  Restored  to  original  condition 
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42.  Hamana  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Hamana  harbor  training  level  (see  41)  (damaged  section  B) 

3.  Cross  section  B-B  prior  to  damage 

4.  Outer  harbor 

5.  Inner  harbor 

6.  16 t tetrapod  random  rubble 

7.  12. 5t  tetrapod  random  rubble 

8.  Foundation  mound 

9.  Overlay  more  than  lt/piece 

10.  Asphalt  mat 

11.  Cross  section  B-B  at  time  of  damage 
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43.  Yokkaichi  Harbor 


Key: 

1.  Regional  facility  name 

2.  Asahi  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Mar.  1963 

7.  Date  damaged 

8.  16  Sept.  1972 

9.  Typhoon  No.  20 

10.  Damage  status 

11.  Caissons  were  displaced  and  shock  and  vibration  from  this  destroyed  the 
upper  parapet  joints  in  14  places  or  caused  cracking. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions 

16.  Sidewall  0.4,  compartment  wall  0.2,  base  plate  1.0 

17.  Concrete 

18 . Unknown 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site 

23.  Riprap  part 

24 . Foundation  mound 

25 . Overlay 

26.  300-500  kg  riprap  inside  and  outside  harbor 

27.  Consolidation  blocks 

28.  Outside  harbor 

29.  Precast  concrete  armor  units 

30 . None 

31.  Wave  dissipation  riprap 

32 . Other 

33.  Design  data 

34 . Wave  iielght 

35 . Wave  pressure 

36 . Breakers 

37.  Period 

38.  Angle  of  incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  26  caissons,  maximum  0.7m 

43.  Levee  body  slope 

44.  Condition  of  levee  body  damage 

45.  Deatruction  or  cracking  of  upper  parapet 
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46.  Dispersion  of  overlay 

47.  Dispersion  of  foundation  mound 

48.  Dispersion  of  consolidation  blocks 

49.  Dispersion  of  dissipation  works 

50.  Natural  conditions 

51.  Estimated 

52.  Uave  direction 

53.  Tidal  level 

54.  Duration 

55.  Wind  velocity 

56.  Maximum  SE  33.5  m/sec;  peak  SE  44.0  m/sec 

57.  Method  of  restoration 

58.  The  displaced  caissons  were  not  restored  since  they  did  not  affect  func- 

tioning of  the  breakwater;  the  inner  harbor  side  was  reinforced  with 
overlay  stone  and  a second  layer  of  consolidation  blocks  on  top  of  this. 
The  parapet  joints  were  restored  to  the  original  condition.  The  follow- 
ing studies  were  made  using  present  design  conditions  in  regard  to 
determining  the  cross-sections:  1.  countermeasures  against  meandering 

damage  caused  by  diffraction  phenomena  of  a semi-unlimited  breakwater; 

2.  countermeasures  against  expected  amount  of  slide. 


43.  Yokkaichi  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Asahi  breakwater 

3.  East  breakwater 

4.  Damaged  section 

3.  Ground  plan  of  damaged  section 

6.  Inner  harbor 

7.  Outer  harbor 

8.  Amount  shifted 

9.  Caisson  number 

10.  Parentheses  in  item  8 show  normal  moved  5'  35"  as  shown  below. 

11.  Caisson  no.  26 


43.  Yokkaichi  Harbor 
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1.  Cross  section  prior  to  damage 

12.  Outer  harbor 
3.  Inner  harbor 
4.  Normal 

15.  Upper  parapet 

6.  Consolidation  blocks 

7.  Caisson 

8.  300-500  kg  overlay 

19.  50-150  kg  foundation  mound 

10.  Cross  section  at  time  of  damage 
11.  Restored  cross  section 

112.  Concrete  blocks 
13.  500  kg  riprap 
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44.  Shiroko  Harbor 


Key: 

1.  Regional  facility  name 

2.  South  breakwater 

3.  Construction  method 

4.  Site  placed  concrete  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1963 

7 . Date  damaged 

8.  5-6  July  1970 

9.  Typhoon  No.  2 

10.  Damage  status 

11.  Overlay  stone  on  outer  harbor  side  was  torn  away  by  waves  and  that  on 
inner  side  scattered  by  overpassing  waves.  The  main  body  and  super- 
structure also  were  cracked  in  many  places. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Site  place  concrete 

15.  Dimensions 

16.  Concrete 

17 . Reinforcing  steel 

18.  Fill 

19.  Upper  concreting  in  site 

20.  Cement  used  220  kg/m^ 

21.  Riprap  part 

22.  Foundation  mound 

23.  About  50  kg/plece 

24 . Overlay 

25.  200-500  kg  riprap  inside  and  outside  harbor 

26.  Consolidation  blocks 

27.  None 

28.  Precast  concrete  armor  units 

29.  Wave  dissipation  riprap 

30.  Other 

31.  Design  data 

32 . Have  height 

33.  Wave  pressure 

34.  Unknown 

35.  Period 

36.  Angle  of  incidence 

37.  At  time  of  damage 

38.  Amount  of  damage 

39.  Levee  body  slide 

40.  Levee  body  slope 

41.  Condition  of  levee  body  damage 

42.  Dispersion  of  overlay 

43.  161.1  m extension  of  651  m3  outside  harbor;  138.8  m extension  of  461  m3 
inside  harbor 

44.  Dispersion  of  foundation  mound 
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45. 

3 

161.1  m extension  of  178  m outside  harbor; 

138.8  m extension  of  162  m 

inside  harbor 

46. 

Dispersion  of  consolidation  blocks 

47. 

Dispersion  of  dissipation  works 

48. 

Natural  conditions 

49. 

Visual  measurement 

50. 

Wave  direction 

51. 

Tidal  level 

52. 

Duration 

53. 

Wind  velocity 

54. 

Maximum  E 18.5  m/sec;  peak  E 27.8  m/sec 

55. 

Method  of  restoration 

56. 

Damaged  overlay  on  both  sides  of  breakwater 

restored  and 

a dissipation 

works  of  3 t hollow  triangular  blocks  (outer  side)  and  2 

t hollow 

triangular  blocks  (inner  side)  emplaced  over 

this. 

*. 


44.  Shiroko  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  2t  hollow  triangular  blocks 

3.  3t  hollow  triangular  blocks 

4.  Damaged  section 

3.  Cross  section  A-A  prior  to  damage 

6 . Inner  harbor 

7 . Outer  harbor 

8.  Placed  concrete 

9 . Overlay 


209 


44.  Shiroko  Harbor 


1.  Cross  section  A-A  at  time  of  damage 

2.  Restored  cross  section  A-A 

3.  2 t hollow  triangular  blocks 

4.  Overlay 

5.  3 t hollow  triangular  block  random  rubble 
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45.  Tottori  Harbor 


Regional  facility  name 

Karo  section  east  breakwater 

Construction  method 

Block  composite  breakwater 

Date  completed 

25  Mar.  1966 

Date  damaged 

5-6  Feb.  1969 

Low  pressure 

Damage  status 

The  whole  length  of  the  damaged  section,  65.2  m,  was  overreached  and  the 
foundation  basin  washed  out.  Overlay  tetrapod  subsided  and  was  scattered 
and  main  levee  blocks  were  sucked  out  by  the  waves ; slackness  developed 
completely  and  20  blocks  fell  down.  Cracks  developed  in  2 places  in  the 
superstructure.  * 

Prior  to  damage 

Vertical  part 

Blocks 

Dimensions 

See  appended  chart 

Concrete 

Reinforcing  steel 
Fill 

Upper  concreting  in  site 
Riprap  part 
Foundation  mound 
Per  piece 
Overlay 

4.0  t tetrapods  inside  and  outside  harbor 

Consolidation  blocks 

Hone 

Precast  concrete  armor  units 
Have  dissipation  riprap 
Other 

Design  data 
Wave  height 
Have  pressure 
Breakers 
Period 

Angle  of  Incidence 

At  time  of  damage 

Amount  of  damage 

Levee  body  slide 

Levee  body  slope 

Condition  of  levee  body  damage 

About  20  main  blocks  sucked  out  and  fell;  cracks  In  superstructure 
Dispersion  of  overlay 
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44.  65.2  m extension  inside  and  outside  harbor,  amount  unknown 

45.  Dispersion  of  foundation  mound 

46.  Damage  outside  harbor,  amount  unknown 

47.  Dispersion  of  consolidation  blocks 

48.  Dispersion  of  dissipation  works 

49.  Natural  conditions 

50.  Actual  measurement 

51.  Wave  direction 

52.  Tidal  level 

53.  Unknown 

54.  Duration 

55.  Wind  velocity 

56.  Method  of  restoration 

57.  Restoration  to  the  original  condition,  excepting  the  placed  concrete, 
was  considered  unsuitable  for  the  costs  in  relation  to  a lighthouse  and 
safety  in  the  harbor  during  construction.  A dissipation  works,  25.0 t 
tetrapods  on  the  cusp  and  8.0  t tetrapods  on  the  rest,  was  constructed. 
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45.  Tottori  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  West  breakwater 

3.  Damaged  section 

4.  East  breakwater 

5.  Sendai  river 

6.  Ground  plan  of  damaged  section 

7.  Outer  harbor 

8.  8.0 t tetrapods 

9.  25.0 t tetrapods 

10.  8.0 t tetrapods 

11.  Inner  harbor 
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45.  Tottori  Harbor 


Key: 

1.  Cross  section  B-B  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  4 t tetrapods 

5.  Superstructure 

6.  Foundation  mound 

7.  Cross  section  B-B  at  time  of  damage 

8.  Restored  cross  section  B-B 

9.  8 1 tetrapods 
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46.  Sakai  Harbor 


Key: 

1.  Regional  facility  name 

2.  Outer  harbor  section  breakwater 

3.  Construction  method 

4.  Block  composite  breakwater 

5.  Date  completed 

6.  1930 

7 . Date  damaged 

8.  21  Aug.  1970 

9.  Typhoon  No.  10 

10.  Damage  status 

11.  75.0  m of  the  damaged  section  was  overreached  and  the  overlay  and  founda 
tion  mound  scattered;  main  blocks  subsided.  These  blocks  also  shifted 
at  many  places. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Blocks 

15.  Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill 

19.  Upper  concreting  in  site 

20.  None 

21.  Riprap  part 

22.  Foundation  mound 

23.  Per  piece 

24 . Overlay 

25.  2.0  t per  piece  inside  and  outside  harbor 

26.  Consolidation  blocks 

27.  Precast  concrete  armor  units 

28.  Wave  dissipation  riprap 

29.  Other 

30.  Design  data 

31.  Wave  height 

32 . Unknown 

33.  Period 

34 . Wave  pressure 

35.  Angle  of  incidence 

36.  At  time  of  damage 

37.  Amount  of  damage 

38.  Levee  body  slide 

39.  Levee  body  slope 

40.  Condition  of  levee  body  damage 

41.  Dispersion  of  overlay  ^ 

42.  75.0  m extension  of  670  m outside  harbor;  75.0  m extension  of  780  in 
inside  harbor 

43.  Dispersion  of  foundation  mound 

44.  75.0  m extension  of  700  m^  outside  harbor;  75.0  m extension  of  1120  m3 
inside  harbor 
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45. 

Dispersion  of  consolidation  blocks 

46. 

Dispersion  of  dissipation  works 

47. 

Natural  conditions 

48. 

Visual  measurement 

49. 

Wave  direction 

50. 

Tidal  wave 

51. 

Duration 

52. 

Wind  velocity 

53. 

Average  ENE  15.7  m/sec;  peak  ENE  30.5  m/sec 

54. 

Method  of  restoration 

55. 

Blocks  in  main  body  that  sank  and  shifted  were  not 

restored; 

a consol i- 

datlon  works  was  made  on  the  outer  side  by  2 lines 

of  blocks 

and  the 

damaged  overlay  and  foundation  mound  on  inner  side 

were  restored  to  the 

original  condition. 

AA036006 
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46. 


Sakai  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  Outer  harbor  sector 
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46.  Sakai  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Main  blocks 

3.  Overlay 

4.  Foundation  mound 

5.  Cross  section  A-A  at  time  of  damage 

6.  Restored  cross  section  A-A 

7.  Consolidation  blocks 

8.  Riprap 
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47.  Etsu  Harbor 


Key: 


1. 

Regional  facility  name 

2. 

Goda  district  training  levee 

3. 

Construction  method 

4. 

Riprap  block  slanting  breakwater 

5. 

Date  completed 

6. 

31  Mar.  1960 

7. 

Date  damaged 

8. 

23  July  1965 

9. 

Heavy,  rain 

10. 

Damage  status 

11. 

The  heavy  rain  caused  flood  conditions  in  the  Egawa  river  and  washed  out 

the  normal  basin;  there  was  further  subsidence  of 

the  slanting  levee  of 

8.0  t tetrapods  which  had  been  damaged  previously 
and  No.  13  in  1964). 

(No.  5 storm  in  1965 

12. 

Prior  to  damage 

13. 

Vertical  part 

14. 

None 

15. 

Dimensions 

16. 

Concrete 

17. 

Reinforcing  steel 

18. 

Fill 

19. 

Upper  concreting  in  site 

20. 

Riprap  part 

21. 

Foundation  mound 

22. 

Overlay 

23. 

Consolidation  blocks 

24. 

Precast  concrete  armor  units 

25. 

8.0  t tetrapods 

26. 

Dissipation  riprap 

27. 

Other 

28. 

Design  data 

29. 

Have  height 

29a. 

Period 

30. 

Unknown 

30a. 

Have  pressure 

31. 

At  time  of  damage 

31a. 

Angle  of  Incidence 

32. 

Amount  of  damage 

33. 

Levee  body  slide 

34. 

Levee  body  slope 

35. 

Condition  of  levee  body  damage 

36. 

Dispersion  of  overlay 

37. 

Dispersion  of  foundation  mound 

38. 

Dispersion  of  consolidation  blocks 

39. 

Dispersion  of  dissipation  works 

40. 

1.90  m extension,  amount  unknown 
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41.  Natural  conditions 

42.  Wave  direction 

43.  Tidal  level 

44.  Duration 

45.  Wind  velocity 

46.  Method  of  restoration 

47.  3.2  t tetrapods  were  overlaid  to  -2.0  m on  the  subsided  tetrapods;  on 
these  8.0  t tetrapods  were  overlaid  to  +1.0  m and  the  top  width  was 
increased  8.0  m,  4.0  m over  the  original  width. 
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47.  Etsu  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  Training  levee 

4.  Lighted  marker 
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47.  Etsu  Harbor 


Key : 

1.  Cross  section  A-A  prior  to  damage 

2.  Inner  harbor 

3.  Outer  harbor 

4.  8 t tetrapods 

5.  Cross  section  A-A  at  time  of  damage 

6.  Restored  cross  section  A-A 
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48.  Hamada  Harbor 


Key: 

1.  Regional  facility  name 

2.  West  breaker 

3.  Construction  method 

4.  Cellular  block  composite  breakwater 

5.  Date  completed 

6.  25  Mar.  1970 

7.  Date  damaged 

8.  4 Jan.  1971 

9.  Low  pressure 

10.  Damage  status 

11.  Three  steps  of  cellular  blocks  from  the  superstructure  for  75.7  m from 
the  cusp  out  of  129.5  m were  damaged  and  fell  over;  wave-damaged  3-way 
auger  and  foundation  mound  on  inner  side  were  scattered.  Further, 
dissipation  works  made  35.6  m from  the  land  side  with  tetrapods  were 
generally  overreached  and  scattered  and  many  cellular  blocks  tipped  over. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Cellular  blocks 

15 . Dimensions 

16.  A-type,  B-type,  C-type 

17.  Thickness 

18.  Rest  the  same 

19.  Concrete 

20.  Cement  used  340  kg/in 

21.  Reinforcing  steel 

22.  Fill  3 

23.  Mid-water  concrete,  unit  volume  weight  2.3t/mJ 

24.  Upper  concreting  in  site 

25.  Cement  used  230  kg/m3 

26 . Riprap  part 

27.  Foundation  mound  % 

28.  Per  piece 

29.  Overlay 

30.  3.0t  3-way  augers  outside  harbor;  3.0t  3-way  augers  and  3.2t  tetrapods 
inside  harbor 

31.  Consolidation  blocks 

32.  Inside  harbor 

33.  Precast  concrete  armor  units 

34.  20. Ot  and  3.0t  tetrapods  (landside  35.6  m) 

35.  Dissipation  riprap 

36.  50-150  kg/plece  (landside  35.6  m) 

37.  Other 

38.  None 

39.  Design  data 

40.  Wave  height 

41.  Wave  pressure 

42.  Clapotis 

43.  Period 
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44.  Angle  of  incidence 

45.  At  time  of  damage 

46.  Amount  of  damage 

47.  Levee  body  slide 

48.  Maximum  0.6  m 

49.  Levee  body  slope 

50.  Condition  of  levee  body  damage 

51.  148  of  366  cellular  blocks  tipped  over 

52.  Dispersion  of  overlay 

53.  Damage  inside  and  outside  harbor,  amount  unknown 

54.  Dispersion  of  foundation  mound 

55.  Dispersion  of  consolidation  blocks 

56.  129.5  m extension  outside  harbor,  amount  unknown;  129.5  m extension 
inside  harbor,  amount  unknown 

57.  Dispersion  of  dissipation  works 

58.  129.5  m extension,  damage  to  tetrapods  and  dissipation  rocks,  amount 
unknown 

59.  Natural  conditions 

60 . Unknown 

61.  Wave  direction 

62.  Tidal  level 

63.  Duration 

64.  Wind  velocity 

65.  Maximum  18.0  m/sec;  peak  29.9  m/sec 

66.  Method  of  restoration 

67.  75.7  m from  the  cusp  were  restored  with  5 caissons  (B:17.0  x H:15.0  x L:15.0) 
excluding  the  rest  of  the  breakwater;  the  remaining  54.5  m restored  with 
superstructure  and  cellular  blocks;  dissipation  works  were  restored  with 
fill  of  residual  materials  and  50t  hollow  triangular  blocks. 


48.  Hamada  Harbor 
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Key : 

1.  Location  of  damaged  facilities 

2.  Damaged  facilities 

3.  Longitudinal  section  of  damaged  section 

4.  50  t hollow  triangular  blocks  as  dissipation  works  (restored) 

5.  Restored  caisson  type 

6.  Under  construction 

7.  Prepacked  concrete 

8.  Before  damage 

9.  Dissipation  riprap 

10.  3.2  t tetrapods 

11.  20  t tetrapods 

12.  Restored  50  t hollow  triangular  blocks 

13.  Superstructure 

14.  Cellular  blocks 

15.  Foundation  mound 

16.  Cellular  blocks  or  superstructure  overturned 
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48.  Hamada  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3.  Inner  harbor 

4.  Consolidation  blocks 

3.  3 t 3-way  augers 

6.  Foundation  mound 

7.  Cross  section  A-A  at  time  of  damage 

8.  Condition  of  cellular  blocks 

9.  Type 

10.  Uldth 

11 . Height 

12.  Length 

13.  Wall  thickness 

14.  Restored  cross  section  A-A 

15.  3.2  t tetrapods 

16.  Caisson 

17.  Foundation  mound 


48.  Hamada  Harbor 
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Key: 

1.  Cross  section  B-B  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Two  layers  of  20  t tetrapods 

5.  Three  layers  of  3.2  t tetrapods 

6.  Consolidation  blocks 

7.  3.2  t tetrapods 

8.  Foundation  mound 

9.  Cross  section  B-B  at  time  of  damage 

10.  Restored  cross  section  B-B 

11.  50  t hollow  triangular  block  random  rubble 

12.  Cellular  block  and  tetrapod  debris 

13.  3.2  t tetrapod  debris 

14 . Riprap 
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49.  Wakayama  Shimozu  Harbor 


Key: 


1.  Regional  facility  name 

2.  South  outer  harbor  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Being  constructed 

7 . Date  damaged 

8.  30  Aug.  1971 

9.  Typhoon  No.  23 

10.  Damage  status 

11.  1260  m of  the  present  breakwater,  excluding  the  parapet,  but  26  caissons 
in  this  section  cracked.  In  addition,  overlay,  foundation  mound,  and 
consolidation  blocks  in  the  198  m sector  from  a site  extending  315  m from 
the  land  side  were  scattered  and  damaged. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . Caissons 

15.  Dimensions 

16.  Sidewall  0.35,  compartment  wall  0.2,  base  plate  0.7 

17 . Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Sand.  Unit  volume  weight  2.0t/in 

21.  Upper  concreting  in  site 

22 . Foundation  mound 

23.  Per  piece 

24 . Overlay 

25.  Riprap  part 

26.  l.Ot  riprap  inside  and  outside  harbor 

27.  Consolidation  blocks 

28.  Inside  and  outside  harbor 

29.  Precast  concrete  armor  units 

30.  None 

31.  Dissipation  riprap 

32 . Other 

33.  Design  data 

34.  Wave  height 

35 . Wave  pressure 

36.  Breakers  (Hl/3*5.5  m shock  wave) 

37.  Period 

38.  Angle  of  Incidence 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  Levee  body  slope 

43.  Condition  of  levee  body  damage 

44.  Cracks  in  26  caissons 

45.  Dispersion  of  overlay 
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3 

46.  198.0  m extension  of  560  m outside  harbor;  none  inside 

47.  Dispersion  of  foundation  mound 

48.  198.0  m extension  of  190  outside  harbor 

49.  Dispersion  of  consolidation  blocks 

50.  90  outside  harbor;  none  inside 

51.  Dispersion  of  dissipation  works 

52.  Natural  conditions 

53.  Actual  measurement 

54.  Wave  direction 

55 . Unknown 

56.  Tidal  level 

57.  Duration 

58.  Wind  velocity 

59.  Average  NNE  8.1  m/sec;  peak  NNE  13.0  m/sec 

60.  Method  of  restoration 

61.  The  scattered  foundation  mound  and  consolidation  blocks  were  restored  to 
original  condition,  the  l.Ot  riprap  being  replaced  by  2.0t  6-legged  blocks. 
Caisson  no.  138,  a large  one  which  had  the  most  serious  cracks,  was 
emptied  of  fill  and  1.5  m thick  prepacked  concrete  was  put  on  the  sidewall 
of  the  inner  and  outer  harbor  sides. 
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49.  Wakayama  Shimozu  Harbor 

Location  of  damaged  facilities 

Scattered  damaged  caissons 

Outer  breakwater 

Damaged  section 

South  harbor 

Breakwater 

South  breakwater 

North  breakwater 

Main  harbor 

Cross  section  B-B  prior  to  damage 
Outer  harbor 
Inner  harbor 
Overlay 

Damage  status  and  method  of  restoration  same  as  A-A 

Caisson 

Overlay 

Sand  resistance 
Foundation  mound 
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49.  Wakayama  Shimozu  Harbor 


Key : 

1.  Ground  plan  and  damage  status 

2.  Damaged  section  of  overlay,  consolidation  blocks,  etc.,  L = 198.0 

3.  Damaged  caissons  with  caisson  number 

4.  Status  of  caisson  damage 

5.  5-7  m cracks  in  nos.  10,  45,  90,  94,  and  95;  others  with  1-4  m cracks; 
no.  138  was  restored  with  1.5  m prepacked  concrete  in  the  sidewalls  as 
fill. 
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49.  Wakayama  Shimozu  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Overlay 

5.  Caisson 

6.  Consolidation  blocks 

7 . Riprap 

8.  Miscellaneous  stone 

9 . Sand 

9a.  Cross  section  A-A  at  time  of  damage 

10.  Restored  cross  section  A-A 

11.  2 t 3-legged  blocks 

12.  Removed 

13.  It  overlay 
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50.  Hiwasa  Harbor 


Key 

• 

1. 

Regional  facility  name 

2. 

North  breakwater 

3. 

Construction  method 

4. 

Block  composite  breakwater 

5. 

Date  completed 

6. 

20  Mar.  1935 

7. 

Date  damaged 

8. 

28  July  1968 

J 

9. 

Typhoon  No.  4 " ! 

t 

t 

10. 

Damage  status 

1 

11. 

Foundation  mound,  overlay,  and  consolidation  blocks  were  scattered 

inside 

and  outside  harbor.  Both  riprap  and  consolidation  blocks  were  washed  away 

on  the  breakwater  head. 

12. 

Prior  to  damage 

f 

1 • 

13. 

Vertical  part 

i 

14. 

Blocks 

15. 

Dimensions 

l 

16. 

Unknown 

17. 

Concrete  ■ - 

18. 

Reinforcing  steel 

19. 

Fill 

20. 

Upper  concreting  in  site 

j 

21. 

Riprap  part 

22. 

Foundation  mound 

22a. 

Per  piece 

23. 

Overlay 

24. 

2.0t  riprap  inside  and  outside  harbor 

* 

25. 

Consolidation  blocks 

t 

26. 

20. Ot  concrete  blocks  Inside  and  outside  harbor 

..  » 

* 

27. 

Precast  concrete  armor  units 

t 

28. 

None 

1 

29. 

.Dissipation  riprap 

i 

30. 

Other 

i 

31. 

■ Design  data 

\ 

32. 

Wave  height 

1 

33. 

Wave  pressure 

i 

34. 

Breakers 

35. 

Period 

\ 

36. 

Angle  of  Incidence 

• 

37. 

At  time  of  damage 

i 

j 

38. 

Amount  of  damage 

; 

39. 

Levee  body  slide 

i 

40. 

Levee  body  slope 

f 

41.  . 

Condition  of  levee  body  damage 

t 

42. 

Dispersion  of  overlay  _ 

. * 

43. 

40.0  m extension  of  1500  in  outside  harbor;  33.0  m extension  of  800 

J 

m 

• 

inside  harbor 

: 

1 

44. ( Dispersion  of  foundstlon  mound  ! 

45..'  40.0  ■ extension  of  600  m^  outside  hsrbor;  20.0  m extension  of  400  m? 
inside  harbor  I ! 
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46.  Dispersion  of  consolidation  blocks 

47.  20.0  ■ extension  of  20  blocks  outside  harbor;  10.0  m extension  of  13  Inside 
harbor 

48.  Dispersion  of  dissipation  works 

49.  Natural  conditions 

50.  Vave  direction 

51.  Tidal  level 

52.  Duration 

53.  Wind  velocity 

54.  Peak  SE  26.2  m/sec 

55.  Method  of  restoration 

56.  Damaged  parts  were  not  restored;  a dissipation  works  was  made  on  the  same 
crown  height  as  the  main  body  using  12. Ot  hollow  triangular  blocks;  in 
particular  20. Ot  hollow  triangular  blocks  were  used  for  the  cusp. 
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50.  Hiwasa  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  North  breakwater 

3.  Island 

4.  Damaged  section 

5.  Offshore  breakwater 

6.  South  breakwater 

7.  Ground  plan  of  damaged  section 

8.  Damaged  part  on  outer  harbor  side 

9.  Damaged  part  on  inner  harbor  side 


50.  Hiwasa  Harbor 


Key : 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Overlay 

5.  Superstructure 

6.  Blocks 

7.  Foundation  mound 

8.  Cross  section  A-A  at  time  of  damage 

9.  Restored  cross  section  A-A 

10.  12  t hollow  triangular  blocks 


In 

iu 

i“ 

i 

i 

i 


I 
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SO.  Hiwasa  Harbor 


Key: 

1.  Cross  section  B-B  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4 . Overlay 

5 . Overlay 

6.  Superstructure 

7.  Foundation  mound 

8.  Cross  section  B-B  at  time  of  damage 

9.  Restored  cross  section  B-B 

10.  12  t hollow  triangular  blocks 
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51 . Imabari  Harbor 


Key: 


1.  Regional  facility  name 

2.  East  breakwater 

3.  Construction  method 

4.  Block  composite  breakwater 

5.  Date  completed 

6.  1914-1934 

7.  Date  damaged 

8.  21  Aug.  1970 

9.  Typhoon  No.  10 

10.  Damage  status 

11.  Most  of  the  riprap  mound  remained,  but  upsetting  of  main  blocks  and  of 
upper  concrete  and  scattering  of  overlay  and  foundation  mound  occurred  over 
375.0  m of  the  total  397.0  m length;  the  remaining  22  m suffered  damage 

to  the  overlay. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Blocks 

15.  Dimensions 

16.  Concrete 

17.  Unknown 

18.  Reinforcing  steel 

19.  Fill 

20.  Upper  concreting  in  site 

21.  Riprap  part 

22.  Foundation  mound 

23.  Less  than  50  kg/piece 

24.  Overlay 

25.  200-600  kg  riprap  inside  and  outside  harbor 

26.  Consolidation  blocks 

27.  None 

28.  Precast  concrete  armor  units 

29.  Dissipation  riprap 

30 . Other 

31.  Design  data 

32 . Have  height 

33 . Wave  pressure 

34 . Period 

35.  Angle  of  incidence 

36.  At  time  of  damage 

37.  Amount  of  damage 

38.  Levee  body  slide 

39.  Levee  body  slope 

40.  Condition  of  levee  body  damage 

41.  Dispersion  of  overlay 

42.  Dispersion  of  foundation  mound 

43.  Dispersion  of  consolidation  blocks 

44.  Dispersion  of  dissipation  works 
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45. 

Dispersion  of  superstructure  and  main  blocks 

over  whole  length 

46. 

397.0  m extension  outside  and  inside  harbor. 

amo  un  t unknown 

47. 

375.0  m extension  outside  and  inside  harbor. 

amount  unknown 

48. 

Natural  conditions 

49. 

Wave  height 

50. 

Period 

51. 

Wave  direction 

52. 

Tidal  level 

53. 

Duration 

54. 

Wind  velocity 

55. 

Peak  55.0  m/sec 

56. 

Method  of  restoration 

57. 

Dispersed  pieces  were  gathered  together  as  far  as  possible  and  reused; 

the  cusp,  some  150  m urgently  needed,  was  made  up  of  a quickly  built 
caisson  breakwater;  the  adjoining  225.0  m was  made  into  a larger  cross- 
section  block  breakwater  with  reused  blocks;  superstructure  was  restored 
on  an  original  22.0  m and  a dissipation  works  was  built  using  residual 
materials  as  fill. 
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51.  Imabari  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  East  breakwater 

3.  Damaged  section 

4.  Ground  plan  of  damaged  section 

5.  Outer  harbor 

6.  Caisson  sector  (restored) 

7.  Number  of  caisson 

8.  Block  sector 

9.  (Restored) 

10.  Wave-breakers 

11.  Inner  harbor 


I 
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51.  Imabarl  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Inner  Harbor 

3.  Outer  harbor 

4 . Riprap 

5.  Foundation  mound  less  than  50  kg/piece 

6.  Overlay 

7.  Superstructure 

8.  Cross  section  A-A  at  time  of  damage 

9.  Restored  cross  section  A-A 

10.  Overlay  about  500  kg/piece 

11.  Consolidation  blocks 

12.  It  overlay 

13.  Caisson 


Key: 

1.  Cross  section  B-B  at  time  of  damage 

2.  Restored  cross  section  B-B 

3.  Overlay  about  500  kg/plece 

4.  Superstructure 

5.  Consolidation  blocks 

6.  Overlay  about  1 t/pitce 

7.  Foundation  mound 

8.  Less  than  50  kg  foundation  mound 

9.  Restored  cross  section  C-C 

10.  Two  layers  of  tetrapods 

11.  From  diverted  materials 
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52.  Murotsu  Harbor 


Key: 

1.  Regional  facility  name 

2.  Gomen  No.  1 breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5 . Date  completed 

6.  1969  (dissipation  works  only) 

7 . Date  damaged 

8.  21  Aug.  1970 
9>.  Typhoon  No.  10 

10.  Damage  status 

11.  The  cusp  of  this  breakwater  was  overlaid  with  50. Ot  hollow  triangular 
blocks  and  the  main  levee  body  with  30. Ot  hollow  triangular  blocks;  the 
50. Ot  blocks  on  the  highest  cusp,  the  wave  dissipation  works,  were 
scattered. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caisson 

15.  Dimensions 

16.  Unknown 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Concrete  dumps.  Unit  volume  weight  unknown. 

21.  Upper  concreting  in  site 

22.  Riprap  part 

23.  Foundation  mound 

24.  Overlay 

25.  Consolidation  blocks 

26.  Precast  concrete  armor  units 

27.  Dissipation  riprap 

28 . None 

28a.  50. Ot  hollow  triangular  block  random  rubble 

29.  Other 

30.  Design  data 

31.  Have  height 

32.  Have  pressure 

33.  Period 

33a.  Angle  of  incidence 

34.  Levee  body  slide 

35.  Levee  body  slope 

36.  Condition  of  levee  body  condition 

37.  Dispersion  of  overlay 

38.  Dispersion  of  foundation  mound 

39.  Dispersion  of  consolidation  blocks 

40.  Dispersion  of  dissipation  works 

41.  98  blocks  extended  8.0  m 

42.  At  time  of  damage 

43.  Amount  of  damage 
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44.  Natural  conditions 

45.  Visual  measurement 

46.  Wave  direction 

47.  Tidal  level 

48.  Duration 

49.  Wind  velocity 

50.  Maximum  51.7  m/sec;  peak  64.3  m/sec 

51.  Method  of  restoration 

52.  Scattered  triangular  blocks  restored  to  original  condition;  4 400t  caissons 
were  put  in  place  on  the  breakwater  cusp  stop  to  prevent  further  damage. 


I VO. 


I 

| v 52.  Murotbu  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Murotsu  river 

3.  Outer  breakwater 
A.  Ship  channel 

5.  Gomen  breakwater  no.  1 

6.  Hollow  triangular  blocks 

7.  Damaged  section 

8.  Ground  plan  of  damaged  section 

9.  Poured  concrete  (restored) 

10.  Consolidation  blocks 

11.  Consolidation  caisson  (restored) 

12.  Caisson 

13.  50  t hollow  triangular  blocks 

1A.  30  t hollow  triangular  blocks 

15.  50  t hollow  triangular  blocks  (restored) 


v< 
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52.  Murotsu  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  B-B  prior  to  damage  and  restored 
A.  Caisson 

5.  50  t hollow  triangular  blocks 

6.  Cross  section  A-A  at  time  of  damage 

7.  Restored  cross  section  A-A 
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53.  Kurei  Harbor 


Key: 


1.  Regional  facility  name 

2.  Futanashima  breakwater 

3.  Construction  method 

4.  Placed  concrete  upright-wall  breakwater 

5.  Date  completed 

6 . Unknown 

7.  Date  damaged 

8.  21  Aug.  1970 

9.  Typhoon  No.  10 

10.  Damage  status 

11.  Consolidation  stone  on  outer  and  inner  harbor  sides  were  scattered  and 
the  foundation  of  the  main  body  was  partly  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Placed  concrete 

15.  Dimensions 

16.  Concrete 

17.  Unknown 

18.  Reinforcing  steel 

19.  Fill 

20.  Upper  concreting  in  site 

21.  Riprap  part 

22 . Foundation  mound 

23.  None 

24 . Overlay 

25.  Consolidation  blocks 

26.  Precast  concrete  armor  units 

27.  Dissipation  riprap 

28.  Other 

29.  3.0  to  consolidation  riprap  inside  and  outside 

30.  Design  data 

31 . Wave  height 

32 . Wave  pressure 

33.  Breakers 

34 . Period 

35.  Angle  of  incidence 

36.  At  time  of  damage 

37.  Amount  of  damage 

38.  Levee  body  slide 

39.  Levee  body  slope 

40.  Condition  of  levee  body  damage 

41.  Foundation  of  main  body  partly  destroyed 

42.  Dispersion  of  overlay 

43.  Dispersion  of  foundation  mound 

44.  Dispersion  of  consolidation  blocks 

45.  Dispersion  of  dissipation  works 
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46.  Consolidation  riprap  extended  146.0  m outside  harbor,  amount  unknown; 
123.0  m extension  of  913  inside 

47.  Natural  conditions 

48.  Estimated 

49.  Wave  direction 

30.  Tidal  level 

31.  Duration 

52.  Wind  velocity 

53.  Maximum  29.2  m/sec;  peak  54.3  m/sec 

54.  Method  of  restoration 

55.  Since  the  top  was  low,  25.0  t hollow  triangular  blocks  were  lined  up 
in  3 rows  on  the  outer  harbor  side  to  reduce  wave  force;  scattered  rock 
on  the  inner  harbor  side  was  reassembled  and  restored. 
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53.  Kurei  Harbor 


Key : 

1.  Location  of  damaged  facilities 

2.  Damaged  sections 

3.  Kamata  west  breakwater 

4.  Futanashima  breakwater 

5.  Ground  plan  of  damaged  section 

6.  Outer  harbor  damage 

7.  Inner  harbor  damage 
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53.  Kurei  Harbor 


Keys 

1.  Cross  section  A-A  prior  to  damage  [apparently  reversed  with  2] 

2.  Cross  section  A-A  at  time  of  damage 
2a.  Outer  harbor 

2b . Inner  harbor 

3 . Riprap 

4.  Restored  cross  section  A-A 

5.  25  t hollow  triangular  block  random  rubble 

6.  30  kg  fill 
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54.  Kurei  Harbor 


Key: 


1.  Regional  facility  name 

2.  Kamata  east  breakwater 

3.  Construction  method 

4.  Riprap  sloping  breakwater 

5.  Date  completed 

6 . Unknown 

7 . Date  damaged 

8.  21  Aug.  1970 

9.  Typhoon  No.  10 

10.  Damage  status 

11.  The  breakwater  has  a main  body  composed  of  continuous  consolidation  riprap. 
The  head  sector  has  a large  cross  section  and  concrete  was  used  in  the 
construction  of  the  top.  All  of  these  parts  were  scattered  or  destroyed. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . None 

15.  Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill 

19.  Placed  concrete  in  upper  sections 

20.  (the  head  sector  apron) 

21.  Riprap  part 

22.  Foundation  mound 

23.  Overlay 

24.  Consolidation  blocks 

25.  Precast  concrete  armor  units 

26.  Dissipation  riprap 

27.  Other 

38.  500  kg-1.0  t consolidation  riprap 

29.  Design  data 

30.  Wave  height 

31.  Wave  pressure 

32.  Breakers 

33.  Period 

34.  Angle  of  Incidence 

35.  At  time  of  damage 

36.  Amount  of  damage 

37.  Levee  body  slide 

38.  Levee  body  slope 

39.  Condition  of  levee  body  damage 

40.  Dispersion  of  overlay 

41.  Damage  inside  and  outside  harbor,  amount  unknown 

42.  Dispersion  of  foundation  mound 

43.  Dispersion  of  consolidation  blocks 

44.  Dispersion  of  dissipation  works 

45.  Consolidation  riprap  (amount  unknown)  and  upper  concrete  destroyed 
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46.  Natural  conditions 

47.  Estimated 

48.  Wave  direction 

49.  Tidal  level 

50.  Duration 

51.  Wind  direction 

52.  Maximum  29.2  m/sec;  peak  54.3  m/sec 

53.  Method  of  restoration 

54.  The  breakwater  head  was  made  into  a large  levee  body  block  composite 
breakwater  since  it  is  near  the  ship  channel  and  exposed  directly  to 
waves;  this  was  not  changed  much  from  the  original  condition;  the 
consolidation  stone  was  constructed  as  a composite  breakwater  combining 
placed  concrete  and  blocks. 


i 


* * 

54.  Kurei  Harbor 


Key : 

1.  Location  of  damaged  facilities 

2.  See  53,  Kurei  harbor  Futanashima  breakwater 

3.  Ground  plan  of  damaged  section 

4 . Damage 

5.  Restored  cross  section  B-B  (levee  head  sector) 

6.  Foundation  mound 
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54.  Kurei  Harbor 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Inner  harbor 

3.  Outer  harbor 

4 . Ship  channel 

5.  Cross  section  A-A  at  time  of  damage 

6.  Restored  cross  section  A-A 

7.  In  site  concreting 

8.  It  riprap 

9.  Unscreened  gravel 

10.  Cobble  stone 

11.  Foundation  mound 
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55 . Kaminogae  Harbor 


Key: 


1.  Regional  facility  name 

2 . Kamagakubo  breakwater 

3.  Construction  method 

4.  Placed  concrete  composite  breakwater 

5.  Date  completed 

6.  In  the  1930 's 

7 . Date  damaged 

8.  21  Aug.  1970 

9.  Typhoon  No.  10 

10.  Damage  status 

11.  Consolidation  stone  inside  and  outside  harbor  was  scattered. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Placed  concrete 

15 . Dimensions 

16.  Concrete 

17.  Unknown 

18.  Reinforcing  steel 

19.  Fill 

20.  Upper  concreting  in  site 

21 . Riprap  part 

22.  Foundation  mound 

23.  Unknown 

24 . Overlay 

25.  Consolidation  blocks 

26.  None 

27.  Precast  concrete  armor  units 

28.  Dissipation  riprap 

29.  Other 

30.  2.0  t consolidation  stone  inside  and  outside  harbor 

31.  Design  data 

32.  Wave  height 

33.  Wave  pressure 

34.  Period 

35.  Angle  of  Incidence 

36.  At  time  of  damage 

37.  Amount  of  damage 

38.  Levee  body  slide 

39.  Levee  body  slope 

40.  Condition  of  levee  body  damage 

41.  Dispersion  of  overlay 

42.  Dispersion  of  foundation  mound 

43.  Dispersion  of  consolidation  blocks 

44.  Dispersion  of  dissipation  works 

45.  110.0  m extension  about  2000  m^  consolidation  stone  outside  harbor 
155.0  m extension  of  500  m^  inside 
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46.  Natural  conditions 

47.  Estimated 

48.  Wave  direction 

49.  Tidal  level 

50.  Duration 

51.  Wind  velocity 

52.  Maximum  29.2  m/sec;  peak  54.3  m/sec 

53.  Method  of  restoration 

54.  Damaged  sectors  on  outer  harbor  side  were  not  restored  but  made  into 
dissipation  works  by  placing  20.0  t hollow  triangular  blocks  on  top; 
scattered  stone  on  the  inner  side  was  brought  together,  the  top  width 
increased,  and  overlay  stone  restored. 
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1 55 . , .Kaminogae  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  Kamagakubo  breakwater 

4.  Ground  plan  of  damaged  section 

5.  Damage  on  inner  harbor 

6.  Damage  on  outer  harbor 
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55 Kaminogae  Rarbo’r 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Inner  harbor 

3.  Outer  harbor 

4.  Consolidation  riprap  about  2.0  t/plece 

5.  Ocean  floor  pitch 

6.  Cross  section  A-A  at  time  of  damage 

7.  Restored  cross  section  A-A 

8.  Hollow  triangular  random  rubble 
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56.  Shimoda  Harbor 


I 


I 


(! 


I 


Key: 

1.  Regional  facility  name 

2.  Harbor  mouth  training  levee 

3.  Construction  method 

4.  Riprap  block  sloping  breakwater 

5.  Date  completed 

6.  1965 

7.  Date  damaged 

8.  21  Aug.  1970 

9.  Typhoon  No.  10 

10.  Damage  status 

11.  78.0  m on  the  top  side,  out  of  158.0  m of  the  length  of  the  damaged 
sector,  had  16.0  t tetrapods,  the  rest  8.0  t tetrapods;  these  all  caved 

in  or  were  scattered  by  high  waves.  j 

12.  Prior  to  damage 

13.  Vertical  part 

14 . None 

15.  Dimensions  i 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill 

19.  Upper  concreting  in  site 

20.  Foundation  mound 
20a.  Riprap  part 

21.  Overlay 

22.  Consolidation  blocks 

23.  Precast  concrete  armor  units 

24.  8.0  t or  16.0  t tetrapods 

25.  Dissipation  riprap 

26.  Other 

27.  Design  data 

28.  Wave  height 

29 . Wave  pressure 

30.  Unknown 

31 . Period 

32.  Angle  of  incidence 

33.  At  time  of  damage 

34.  Amount  of  damage 

35.  Levee  body  slide 

36.  Levee  body  slope 

37.  Condition  of  levee  body  damage 

38.  Dispersion  of  overlay  < 

39.  Dispersion  of  foundation  mound 

40.  Dispersion  of  consolidation  blocks 

41.  Dispersion  of  dissipation  works 

42.  628  8.0  t tetrapods  extended  80.0  m;  799  16.0  t tetrapods  extended  78.0  m 

43.  Natural  conditions 


46.  Tidal  level 

47.  Duration 

48.  Wind  velocity:  Maximum  35.8  m/sec;  peak  46.8  m/sec 

49.  Method  of  restoration 

50.  Restored  to  original  condition 
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56 . Shimoda  Harbor 


I 

j I 

Pi  J Key: 

1.  Location  of  damaged  facilities 

[2 . Training  levee 

3.  Damaged  section 

4.  Type  tetrapods 

5.  Type  tetrapods 

16.  Cross  section  A-A  restored 
7.  Tetrapod  random  rubble 
8.  Ocean  floor  pitch 
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57.  Karatsu  Harbor 


Key: 

1.  Regional  facility  name 

2.  East  harbor  sector  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6.  Being  constructed 

7 . Date  damaged 

8.  15  Feb.  1968 

9.  Low  pressure 

10.  Damage  status 

11.  The  unfinished  superstructure  was  damaged  but  only  the  4th  and  8th  caissons 
came  out  from  the  cusp  and  were  displaced,  tilting  on  the  sloping  surface 
of  the  mound;  the  overlay  stone  and  foundation  mound  were  scattered  because 
of  this. 

12.  Prior  damage 

13.  Vertical  part 

14.  Caissons 

15.  Dimensions  ' • 

16.  Sidewall  0.3,  compartment  wall  0.2,  base  plate  0.5 

17.  Concrete 

18.  Cement  used  330  kg/ni 

19.  Reinforcing  steel 

20.  Fill 

21.  Sand.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site  . 

23.  Unfinished  (cement  used  250  kg/in  ) 

24.  Riprap  part 

25 . Foundation  mound 

26.  5-80  kg/piece 

27.  Overlay 

28.  300  kg  and  500  kg  riprap  inside  and  outside  harbor 

29.  Consolidation  blocks 

30.  None 

31.  Precast  concrete  armor  units 

32.  Dissipation  works 

33.  Other 

34.  Design  data 

35 . Wave  height 

36 . Wave  pressure 

37.  Partial  breakers 

38.  Period 

39.  Angle  of  Incidence 

40.  At  time  of  damage 

41.  Amount  of  damage 

42.  Levee  body  slide 

43.  11.0  m and  14.0  m 

44 . Two  caissons 
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45.  Levee  body  slope 

46.  Condition  of  levee  body  damage 

47.  Dispersion  of  overlay 

48.  None  outside  harbor;  6.0  m extension  of  128  ra  inside 

49.  Dispersion  of  foundation  mound 

50.  6.0  m extension  of  183  m^  inside  harbor 

51.  Dispersion  of  consolidation  blocks 

52.  Dispersion  of  dissipation  works 

53.  Natural  conditions 

54 . Unknown 

55.  Wave  direction 

56.  Tidal  level 

57.  Duration 

58.  Wind  velocity 

59.  Method  of  restoration 

60.  The  displaced  caissons  were  put  back  in  place  and  5-80  kg  and  300  kg 
riprap  used  as  fill;  a dissipation  works  was  constructed  of  two  layers 

of  4.0  t tetrapods.  Damaged  areas  on  the  inner  harbor  side  were  restored 
to  the  original  condition. 
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7.  Karatsu  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  West  breakwater 

3.  Damaged  section 

4.  Ground  plan  of  damaged  section 

5.  Superstructure  being  constructed  (lacking  parapet) 

6.  Riprap  random  rubble 


/ 


t 


1.  Cross  section  A-A  prior  to  damage 

2 . Outer  harbor 

3 . Normal 

4 . Inner  harbor 

5.  Caisson 

6.  Overlay 

7.  (B-B  cross  section  +1.1) 

8.  Foundation  mound 

9.  Cross  section  A-A  at  time  of  damage 

10.  Normal 

11.  Restored  cross  section  A-A 

12.  Riprap 
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58.  Wakizaki  Harbor 


Key: 

1.  Regional  facility  name 

2.  North  breakwater 

3.  Construction  method 

4.  Caisson  composite  breakwater 

5.  Date  completed 

6 . Unknown 

7.  Date  damaged 

8.  14  Aug.  1970 

9.  Typhoon  no.  9 

10.  Damage  status 

11.  Levee  body  caissons  were  displaced  somewhat,  sinking  in  the  mound  riprap 
and  tilting.  Consolidation  blocks  also  settled  into  the  middle  of  the 
mound  at  this  place. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  Caissons 

15 . Dimensions 

16.  Member  thickness  unknown 

17.  Concrete 

18.  Reinforcing  steel 

19.  Fill 

20.  Bagged  concrete 

21.  Unit  volume  weight  unknown 

22.  Upper  concreting  in  site 

23.  Riprap  part 

24.  Foundation  mound 

25.  500  kg/piece 

26 . Overlay 

27.  None 

28.  Consolidation  blocks  (outside  harbor,  L unknown) 

29.  Precast  concrete  armor  units 

30.  Dissipation  works 

31 . Other 

32.  Design  data 

33.  Wave  height 

34.  Wave  pressure 

35.  Clapotis 

36 . Period 

37.  Angle  of  incidence 

38 . Unknown 

39.  At  time  of  damage 

40.  Amount  of  damage 

41.  Levee  body  slide 

42.  Levee  body  slope 

43.  Condition  of  levee  body  damage 

44.  Dispersion  of  overlay 

45.  Dispersion  of  foundation  mound 
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46.  Dispersion  of  consolidation  blocks 

47.  Only  sinking 

48.  Dispersion  of  dissipation  works 

49.  Natural  conditions 

50.  Visual  measurement 

51.  Wave  direction 

52.  Tidal  level 

53.  Duration 

54.  Wind  velocity 

55.  Maximum  SE  39.0  m/sec;  peak  SSE  55.0  m/sec 

56.  Method  of  restoration 

57.  The  damaged  caissons  and  consolidation  blocks  were  not  restored  to  original 
condition;  a dissipation  works  was  made  up  of  200  kg  and  500  kg  riprap  on 
outer  harbor  side.  The  superstructure  was  raised  higher  since  the  levee 
body  had  settled. 


58.  Wakizaki  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  North  breakwater 

4.  Ground  plan  of  damaged  section 

5.  Parentheses  indicate  amount  shifted 

6.  Tetrapods  (restored) 

7.  Caisson 

8.  Concrete  in  bags  (restored) 
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58.  Wakizaki  Harbor 


Key : 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Consolidation  blocks 

5.  Caisson 

6.  Foundation  mound 

7.  Cross  section  A-A  at  time  of  damage 

8.  Restored  cross  section  A-A 

9.  Tetrapod  random  rubble 

10.  Raised  superstructure 

11.  Riprap 

12.  Tetrapod  random  rubble 

13.  Riprap  about  200  kg 

14.  Superstructure 
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59.  Nobeoka  Harbor 


ijey: 


1. 

2. 

aj. 

i 

t 

8. 

9t 

10, r 

11, 


12| 

13 

14 1 

15/ 

16  j 

18. 
19. 
20; 
21* 
22 1; 

23 

24 

25 
26, 
27, 
28  3 

29 

30  j 

31 
324 
33 
34, 
35  4 

36.1 
37. r' 
38  ,!i 
39.: 

40.1 
41. 
42.5{ 
43.j 
44..J 
45/; 
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Regional  facility  name 
South  training  levee 
Construction  method 
Riprap  block  sloping  breakwater 
Date  completed 
31  Mar.  1970 
Date  damaged 
30  Aug.  1971 
Typhoon  No.  23 
Damage  status 

The  foundation  basin  was  washed  out  along  a total  215.1  m extension!  of 
the  levee  by  flood  waters  from  the  Goyase  river  and  by  waves,  and  t|ie 
tetrapods  sank  down  1.5  m. 

Prior  to  damage 
Vertical  part-  ~ 

None 

Dimensions 
Concrete  _ ^ 

Reinforcing  steel 
Fill 

-Upper  concreting  -in  site 
Riprap  part 

Foundation  mound  ~ : ' 

Overlay 

Consolidation  blocks 
Precast  concrete  armor  units 
12.5  t tetrapods,  random  rubble 
Dissipation  works 
Other  . . ■ 

Design  data 
Wave  height 
Wave  pressure 

Breakers  : 

Period  . 

Angle  of  incidence 
At  time  of  damage 

Amount  of  damage  * 

Levee  body  slide  i 

Levee  body  slope 
Condition  of  levee  body  damage 
Dispersion  of  overlay 
Dispersion  of  foundation  mound 
Dispersion  of  consolidation  blocks 
Dispersion  of  dissipation  works 
911  extended  168.0  m 
Natural  conditions 
Visual  measurement 


i 


jl 
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46.  Wave  direction 

47.  Tidal  level 

48.  Unknown 

49.  Duration 

50.  Wind  velocity 

51.  Method  of  restoration 

52.  Restored  to  original  condition  because  of  subsidence  from  erosion  by 
scouring. 


59.  Nobeoka  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  South  training  levee 

3.  Damaged  section 

4.  Cross  section  A-A  prior  to  damage 

5 . Inner  harbor 

6.  Outer  harbor 

7.  Tetrapod  random  rubble 

8.  Cross  section  A-A  restored 

9.  Tetrapod  random  rubble 
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60.  Miyazaki  Harbor 


Key: 


I 

II 

[I 

|] 

I! 

I 


1.  Regional  facility  name 

2.  Middle  training  levee 

3.  Construction  method 

4.  Riprap  block  sloping  breakwater 

5.  Date  completed 

6.  31  Mar.  1971 

7.  Date  damaged 

8.  5 Aug.  1971 

9.  Typhoon  No.  19 

10.  Damage  status 

11.  The  foundation  basin  overlain  by  tetrapods  on  110.0  m of  the  top  of  the 
levee  washed  out  because  of  flooding  of  the  Oyodo  river  (4552  t/sec) 
and  waves;  it  subsided  about  1.5  m. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . None 

15.  Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Pill 

19.  Upper  concreting  in  site 

20.  Riprap  part 
20a.  Foundation  mound 

21.  Overlay 

22.  Conaolldation  blocks 

23.  Precast  concrete  armor  units 

24.  8.0  t tetrapods,  random  rubble 

25.  Dissipation  works 

26 . Design  data 

27.  Hava  height 
.28.  Have  pressure 

29.  Breakers 

30.  Period 

31.  Angle  of  incidence 

32.  At  time  of  damage 

33.  Amount  of  damage 

34.  Levee  body  slide 

35.  Levee  body  slope 

36.  Condition  of  levee  body  damage 

37.  Dispersion  of  overlay 

38.  Dispersion  of  foundation  mound 

39.  Dispersion  of  consolidation  blocks 

40.  Dispersion  of  dissipation  works 

41.  762  extended  110.0  m 

42.  Natural  conditions 

43.  Visual  measurement 

44.  Hove  direction 
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45.  Tidal  level 

46.  Duration 

47.  Unknown 

48.  Wind  velocity 

49.  Method  of  restoration 

50.  Restored  to  original  condition  because  of  serious  extent  of  subsidence 
by  erosion  from  scouring. 


60.  Miyazaki  Harbor 


I 

I 

I 

l 
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Key: 

1.  Location  of  damaged  facilities 

2.  Damaged  section 

3.  North  training  levee 

4.  Middle  training  levee 

5.  Oyodo  River 

6.  Cross  section  C-C  prior  to  damage 

7 . Inner  harbor 

8.  Outer  harbor 

9.  Tetrapod  random  rubble 

10.  Cross  section  C-C  at  time  of  damage 

11.  Tetrapod  random  rubble 

12.  Tetrapods 
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61.  Miyazaki  Harbor 


Key: 


1.  Regional  facility  name 

2.  North  training  levee 

3.  Construction  method 

4.  Riprap  block  sloping  breakwater 

5.  Date  completed 

6.  31  Mar.  1969 

7.  Date  damaged 

8.  5 Aug.  1971 

9.  Typhoon  No.  19 

10.  Damage  status 

11.  The  foundation  base  of  146.0  m of  the  sloping  levee  cusp  composed  of 
tetrapods  was  washed  out  by  flooding  of  the  Oyodo  river  (4552  t/sec) 
and  waves,  and  it  subsided  1.5  m. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  None 

15.  Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill 

19.  Upper  concreting  in  site 

20.  Riprap  part 

21.  Foundation  mound  „ 

22.  Overlay 

23.  Consolidation  blocks 

24.  Precast  concrete  armor  units 

25.  5.0  t and  8.0  t tetrapods,  random  rubble 

26.  Dissipation  works 

27.  Design  data 

28.  Wave  height 

29.  Wave  pressure 

30.  Breakers 

31.  Period 

32.  Angle  of  incidence 

33.  At  time  of  damage 

34.  Amount  of  damage 

35.  Levee  body  damage 

36.  Levee  body  slope 

37.  Condition  of  levee  body  damage 

38.  Dispersion  of  overlay 

39.  Dispersion  of  foundation  mound 

40.  Dispersion  of  consolidation  blocks 

41.  Dispersion  of  dissipation  works 

42.  155  5.0  t tetrapods  and  782  8.0  t tetrapods 

43.  Natural  conditions 

44 . Visual  measurement 
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45.  Wave  direction 

46.  Tidal  level 

47.  Duration 

48.  Unknown 

49.  Wind  velocity 

50.  Method  of  restoration 

51.  Restored  to  original  condition  because  of  the  serious  extent  of  subsidence 
because  of  washing  out  and  scouring. 
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61.  Miyazaki  Harbor 


Key: 

1.  Location  of  damaged  facilities 

2.  Refer  to  60,  Miyazaki  Harbor  middle  training  levee 

3.  Ground  plan  of  damaged  section 

4.  Tetrapods 
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61 . Miyazaki  Harbor 
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Key: 

1.  Cross  section  prior  to  damage 

2.  Outer  harbor 

3.  Inner  harbor 

4.  Tetrapod  random  rubble 

5.  Restored  cross  section 

6.  Tetrapods 
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62 . Sendai  Harbor 


Key: 


1.  Regional  facility  name 

2.  Training  levee 

3.  Construction  method 

4*  Multiple  sheet  pile  and  block  composite  breakwater 
3.  Date  completed 

6.  March  1969 

7 . Date  damaged 

8.  28  June- 7 July 

9.  Frontal  line  of  summer  rain 

10.  Damage  status 

11.  Harbor  side  174.0  m of  the  total  398.0  m damaged  sector  consisted  of 
double  sheet  pile  with  PC  sheet  and  the  adjoining  224.0  m of  a block 
composite  breakwater,  but  the  outer  harbor  side  basin  was  widely 
excavated  by  flood  waters  of  the  Kawauchl  river  (3090  t/sec)  and  6- 
legged  dissipation  (consolidation)  blocks  were  scattered. 

12.  Prior  to  damage 

13.  Vertical  part 

14.  PS  concrete  sheet  pile  and  block 

15.  Dimensions 

16.  (Sheet  pile)  top  width  (block) 

17.  Concrete 

18.  (Block) 

19.  Reinforcing  steel 

20.  Fill 

21.  (Sheet  pile  part)  cobble  stone.  Unit  volume  weight  unknown. 

22.  Upper  concreting  in  site 

23.  (Sheet  pile  part)  1:2:4  (block  part)  1:3:6 

24.  Riprap  part 

25.  Foundation  mound 

26.  (Block  part)  40  kg/piece 

27 . Overlay 

28.  Hone 

29.  Consolidation  blocks 

30.  (Block  part)  3.5  t 6-legged  blocks 

31.  Precast  concrete  armor  units 

32.  Outside  harbor  (sheet  pile  part)  8.0  t 6-legged  blocks:  (block  part) 

8.0  t 6-legged  blocks 

33.  Dissipation  riprap 

34 . Other 

35.  Sheet  pile  part  40  kg  and  400  kg  consolidation  riprap  mattress  (3  layered 
rubber  sheets,  2 m/m  thick) 

36.  Design  data 

37.  Wave  height 

38.  Have  pressure 

39.  Unknown 

40.  Period 

41.  Angle  of  incidence 

42.  At  time  of  damage 
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43.  Amount  of  damage 

44.  Levee  body  slide 

45.  Levee  body  slope 

46.  Condition  of  levee  body  damage 

47.  Dispersion  of  overlay 

48.  Dispersion  of  foundation  mound 

49.  Dispersion  of  consolidation  blocks 

50.  Dispersion  of  dissipation  works 

51.  398.0  m extension,  amount  unknown 

52.  Mattress,  398.0  m extension 

53.  Natural  conditions 

54.  Have  direction 

55 . Tidal  level 

56.  Duration 

57.  Hind  velocity 

58.  Method  of  restoration 

59.  Slabs  were  put  in  to  -1.5  ■ to  protect  the  front  basin  that  had  been 
washed  out;  on  top  of  this  8.0  t 6-legged  blocks  were  placed  to  a 
height  of  44.0  m to  protect  the  levee  body,  thus  restoring  the  levee. 


62 . Sendai  Harbor 


/ 


Key: 

1.  Cross  section  A-A  prior  to  damage 

2.  Outer  harbor 

3.  8 t 6-legged  blocks 

4.  Riprap 
4a.  Overlay 

5.  Cross  section  A-A  at  time  of  damage 

6.  Restored  cross  section  A-A 

7.  Slabs 

8.  Riprap 


62 . Sendai  Harbor 


I 

I 

I 

I 

I 

[ 


Key: 

1.  Cross  section  prior  to  damage 

2 . Outer  harbor 

3.  Superstructure 

4.  6-legged  blocks 

5.  Blocks 

6.  Cross  section  at  time  of  damage 

7.  Restored  cross  section 

8.  Slabs 

9.  50-200  kg  riprap 
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63.  Kurio  Harbor 


Key: 

1.  Regional  facility  name 

2.  Breakwater 

3.  Construction  method 

4.  Riprap  block  sloping  breakwater 

5.  Date  completed 

6.  March  1968 

7.  Date  damaged 

8.  24  Sept.  1968 

9.  Typhoon  No.  16 

10.  Damage  status 

11.  The  damaged  sector  turned  into  an  island  and  was  overreached  on  a total 
length  of  45.1  m;  it  settled  or  was  scattered  by  waves. 

12.  Prior  to  damage 

13.  Vertical  part 

14 . None 

15.  Dimensions 

16.  Concrete 

17.  Reinforcing  steel 

18.  Fill 

19.  Upper  concreting  in  site 

20.  Riprap  part 

21.  Foundation  mound 

22.  Overlay 

23.  Consolidation  blocks 

24.  Precast  concrete  armor  units:  16.1  t 6-legged  blocks,  random  rubble 

25.  Dissipation  works 

26.  Other 

27.  Design  data 

28.  Wave  height 

29.  Wave  pressure 

30.  Breakers 

31.  Period 

32 . Unknown 

33.  Angle  of  incidence 

34.  At  time  of  damage 

35.  Amount  of  damage 

36.  Levee  body  slide 

37.  Levee  body  slope 

38.  Condition  of  levee  body  damage 

39.  Dispersion  of  overlay 

40.  Dispersion  of  foundation  mound 

41.  Dispersion  of  consolidation  blocks 

42.  Dispersion  of  dissipation  works 

43.  45.1  m extension,  amount  unknown 

44.  Natural  conditions 

45.  Wave  direction 
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46.  Tidal  level 

47.  Duration 

48.  Wind  velocity 

49.  Maximum  19.0  m/sec;  peak  33.0  m/sec 

50.  Method  of  restoration 

51.  Restored  to  original  condition 
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63.  Kurlo 


Key: 

1.  Location  of  damaged  facilities 

2.  Breakwater 

3.  Damaged  section 

3a.  Cross  section  prior  to  damage 
A.  Inner  harbor 

5.  Outer  harbor 

6.  6-legged  blocks  (random  rubble) 

7.  Cross  section  at  time  of  damage 

8.  6-legged  blocks 


6.  Meteorological  Conditions  at  Tine  of  Damage 


The  terminology  and  conditions  of  the  elements  believed  to  have 
caused  damage  in  the  63  cases  at  49  harbors  recorded  in  this  report  are 
taken  from  publications  of  the  Meteorological  Agency.  They  are  given  in 
chronological  order.  Dates  indicate  actual  day  or  days  when  damage 
occurred.  Harbors  suffering  damage  are  in  parentheses. 

(1)  Low  pressure  system,  8-10  Jan.  1965  (Monbetsu,  Abashiri). 

A low  pressure  system  which  developed  at  3:00  on  7 Jan.  in  the  Bashl 
Straits  moved  in  a NE  direction  and  developed  rapidly.  By  15:00  on  the 
8th  offshore  from  Choshi  the  pressure  fell  to  986  mb.  At  the  same  time 
a low  pressure  system  moving  east  from  Korea  was  advancing  300  km  west 
from  Sakata  and  had  a reading  of  986  mb  at  the  center.  Isobars  enclosing 
these  two  systems  extended  out  3000  km.  These  two  later  merged  into  one 
system  over  the  ocean  east  of  Aomori  at  9:00  on  the  9th  and  lowest  pressure 
was  962  mb . 

The  whole  of  northern  Japan  and  the  Sea  of  Japan  experienced  a severe 
storm. 

(2)  Low  pressure  system,  21  Feb.  1965  (Rumol). 

A low  pressure  system  which  developed  over  the  Sea  of  Japan  on  the 
20th  developed  rapidly,  passing  over  Hokkaido  on  the  21st  when  the  pressure 
was  990  mb  at  15:00.  Later  it  moved  toward  Chlshlma  and  stagnated.  Stormy 
weather  prevailed  in  the  northern  part  of  the  East  China  Sea  and  waters 
near  Hokkaido. 

(3)  Heavy  rains,  23  July  1965  (Etsu). 

A frontal  line  in  the  Sea  of  Japan  moved  southward  on  the  2lst  and 
remained  stationary  from  the  vestern  side  of  Japan  to  the  western  part  of 
Hokuriku.  In  addition  a low  pressure  system  advanced  eastward  and  com- 
bined with  the  front  caused  very  heavy  rains  in  Japan  along  the  eastern 
coast  from  the  21st  to  the  morning  of  the  23rd.  New  rainfall  records  were 
set  in  Tottorl  and  Ogi. 

(4)  Typhoon  No.  24,  17-18  Sept.  1965  (Numasu,  Tago). 

A tropical  depression  which  developed  over  the  ocean  300  km  west  of 
Guam  at  3:00  on  the  3rd  grew  in  Intensity  ss  It  moved  NNW.  It  stagnated 
on  the  15th  as  It  continued  to  develop  700  km  east  of  Taiwan  where  It 
registered  932  mb  at  Its  peak.  After  this  It  took  a NE  course  and  Increased 
spsed.  When  It  reached  Cape  Dalo  at  21:00  on  the  17th  It  had  a pressure  of 
955  mb.  It  weakened  and  began  to  break  up  at  23:00  aftar  making  another 
landfall  at  21:00  In  the  Atsuml  peninsula.  It  registered  964  mb  30  km 
south  of  Illda-shl  In  Nagano-ken.  Secondary  low  pressure  developed  between 
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Nagano-shi  and  Hanamatsu-shi  and  the  main  part  of  the  typhoon  weakened 
rapidly  and  merged  with  the  secondary  low  pressure  system.  It  later  moved 
to  the  Sea  of  Japan  and  built  up  70  1cm  SSW  of  Sakata  with  a pressure  of 
968  mb.  Moving  NNE  and  weakening  It  made  a landfall  at  Akita  and  then 
went  on  to  th«=  Okhotsk  Sea  from  the  area  near  Urakawa.  This  gave  rise  to 
strong  winds  and  storm  conditions  all  over  the  coastal  areas  of  Japan. 

(5)  Low  pressure  system,  16-17  Dec.  1965  (Teurl,  Yolchl). 

A low  pressure  system  which  developed  over  the  Yellow  Sea  entered 
the  Sea  of  Japan  at  midnight  on  the  14th  and  moved  ME  as  it  intensified. 

It  reached  the  area  east  of  Rumol  at  3:00  on  the  15th  and  then  moved 
northward.  Reading  932  mb  it  reached  the  southern  part  of  the  Mamiya 
Straita,  stagnated  and  continued  to  develop,  registering  978  mb  at  15:00 
on  the  16th;  it  moved  out  to  the  Okhotsk  Sea  on  the  21st. 

Simultaneously  a Siberian  high  reading  1080  mb  developed  and  this 
resulted  in  strong  winds  and  stormy  sees  near  the  northern  coasts  of  Japan. 

(6)  Winter  storm,  19-22  Jan.  1966  (Ryotsu,  Kashlwazakl). 

A low  pressure  system  developed  in  the  northern  part  of  Korea  on  the 
16th  and  it  crossed  the  northern  part  of  Hokkaido  on  the  evening  of  the 
17th,  entering  the  Okhotsk  Sea.  At  3:00  on  the  18th  it  reached  the  Chlahima 
Islands  and  read  992  mb.  It  stagnated  until  the  21st.  At  the  same  time 
the  southern  part  of  a continental  high  of  1060  mb  extended  over  to  western 
Japan  and  swlntalnad  this  position  until  the  21st.  Heavy  wind  and  snow 
buffeted  the  Sea  of  Japan  region  and  the  central  mountains. 

(7)  Low  pressure  system,  5-6  Mar.  1966  (Iwanal). 

A low  pressure  system  at  sea  moved  NE  on  the  4th,  passed  over  the  Sea 
of  Japan  and  developed  rapidly.  By  the  evening  of  the  5th  offshore  from 
Chi shims  it  registered  972  mb.  This  gave  rise  to  stormy  seas  as  it  passed 
from  the  Yellow  Sea,  northern  part  of  the  East  China  Sea,  and  seas  east 
of  Honshu  and  the  northern  part  of  Japan. 

(8)  Low  pressure  system,  28-30  Oct.  1966  (Kutsugata). 

A low  pressure  system  which  had  developed  near  Vladivostok  early  on 
the  28th  moved  EME  and  reached  the  western  part  of  the  Soya  straits, 
registering  986  mb  at  15:00  on  the  28th.  Another  system  which  passed 
over  Sanrlku  from  the  Kanto  region  and  soved  north  reached  the  southern 
part  of  Capa  Erimo  and  went  on  to  the  Okhotsk  Sea.  These  two  systems 
ware  Influenced  in  Hokkaido  by  a front  accompanying  low  pressure  on  the 
Sea  of  Japan,  giving  rise  to  heavy  wind  and  rain  from  the  28th  to  the  29th. 

(9)  Low  pressure  system,  20  Dec.  1966  (Abashlrl). 

On  the  evening  of  the  19th  there  was  a strong  low  pressure  system 
offshore  from  Akita  and  the  southern  part  of  Saghallen.  This  advanced 
to  the  east,  reached  the  Chlahima  area  by  the  morning  of  the  20th  and  ran 
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•long  Che  Chlshima  chain,  registering  970  mb  at  21:00  on  the  20th  and 
956  mb  on  the  21st.  This  resulted  In  severe  storms  in  the  Okhotsk  Sea 
and  the  seas  east  of  Hokkaido. 

(10)  Lov  pressure  system,  22-24  March  1967  (Hakodate). 

A low  pressure  system  which  crossed  the  Sea  of  Japan  early  on  the 
22nd  changed  course  to  the  NE  offshore  from  Akita,  crossed  the  southern 
part  of  Hokkaido  on  the  23d  and  at  9:00  on  this  day  registered  986  mb  at 
the  center.  It  then  left  the  eastern  part  of  Hokkaido  for  open  seas. 

At  this  time  another  system  offshore  from  Kanto  on  the  22d  moved  NE,  passed 
offshore  from  Sanrlku  and  moved  over  the  sea  east  of  Hokkaido.  It  fell  to 
976  mb  on  the  23d. 

The  passage  of  these  two  systems  resulted  in  severe  storms  on  the 
Sea  of  Japan,  Tsugaru  straits,  and  the  sea  east  of  Hokkaido. 

(11)  Typhoon  No.  27,  21-22  Sept.  1967  (Cape  Shlriya). 

Typhoon  No.  27,  which  developed  over  the  South  Seas,  moved  in  a NW 
direction,  and  registered  964  mb  at  15:00  on  the  21st  over  the  eastern 
ocean  far  from  Kanto,  then  altering  course  to  NE.  A low  pressure  system 
that  had  developed  on  the  21st  over  the  ocean  south  of  Kanto  moved  north- 
ward between  the  mainland  and  the  typhoon.  The  combined  effect  of  these 
systems  was  severe  storms  offshore  from  Sanrlku. 

(12)  Typhoon  No.  34,  27-28  1967  (Ukusu). 

A weak  tropical  depression  which  had  developed  at  9:00  on  the  16th 
became  Typhoon  No.  34  280  km  SE  of  Guam  on  the  17th.  It  advanced  from  WSW 
to  NW  as  it  developed  and  registered  950  mb  on  the  morning  of  the  23rd. 

It  gradually  weakened  as  it  approached  Japan  and  registered  968  mb  when 
it  made  a landfall  at  3:00  on  the  28th.  After  passing  over  the  southern 
part  of  Aichi-ken,  it  split  into  three  parts  and  became  a tropical 
depression.  The  center  passed  over  Japan,  a-td  went  out  to  see  off  Sanrlku, 
forming  one  center  on  the  29th  over  the  sea  east  of  Hokkaido.  It  strengthened 
(984  mb)  and  reached  the  Chlshima  Islands.  Stony  conditions  resulted  as 
it  intensified,  especially  on  the  Pacific  side. 

(13)  Low  pressure  system,  9-11  Nov.  19(7  (Kushlro) . 

A lew  pressure  system  developing  offshore  at  9:00  on  the  8th  advanced 
HE  and  read  980  mb  at  3:00  on  the  9th.  It  moved  on  to  the  southern  part 
of  the  Okhotsk  Sea.  It  was  down  to  968  mb  when  it  reached  Kamtchatka  on 
the  10th.  At  the  same  time  a high  pressure  system  of  1052  eh  appeared  on 
the  continent  and  assumed  a winter  type  position.  This  resulted  in  severe 
storms  in  the  Sea  of  Japan  and  sees  in  northern  Japen. 

(14)  Low  pressure  system,  14-16  Jan.  1968  Otanasawa). 

A low  pressure  system  which  had  developed  at  3:00  on  the  12th  moved 
to  the  Sea  of  Japan,  developed  rapidly  and  fall  to  982  mb  at  21:00  on  the 
13th.  Another  system  developed  in  the  southern  part  of  the  Kii  peninsula 
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at  21:00  on  the  14th  and  advanced  from  Sanriku  to  the  ocean  E of  Honshu. 

At  9:00  on  the  16th  it  merged  with  low  pressure  from  the  Sea  of  Japan  ir. 
the  northern  part  of  Chishima  and  approached  typhoon  status  with  986  mb. 

A continental  high  followed  these  systems,  extending  near  Japan,  giving 
seasonal  winds  and  storms  from  the  14th  to  the  16th.  This  combination 
resulted  in  stormy  conditions  in  the  Sea  of  Japan,  areas  in  northern  Japan, 
and  even  coastlines  on  the  Pacific  side. 

(15)  low  pressure  system,  15  Feb.  1968  (Karatsu). 

The  front  of  a low  which  developed  near  Taiwan  on  the  14th  moved 
HE  rapidly,  deepening  as  it  advanced.  It  changed  course  from  W to  ENE  of 
the  Aaaml  Islands  and  registered  980  mb  as  it  entered  the  area  SB  of 

Kyushu  at  12:00  on  the  15th.  It  paralleled  the  main  land  mass  as  it  soved 

eastward,  reaching  the  ocean  east  of  Kanto.  There  were  stormy  conditions 
on  the  Pacific  coast,  Yellow  Sea,  East  China  Sea,  and  the  Sea  of  Japan. 

(16)  Typhoon  No.  4,  28  July  1968  (Hlwasa). 

A weak  low  developed  ENE  of  Guam  on  the  19th  and  advanced  WNW  as  it 
developed  and  became  Typhoon  No.  24  fsic].  It  turned  NW  and  fell  to  925  mb 
at  9:00  on  the  24th.  This  typhoon  gradually  weakened  and  reached  land  at 
19:00  on  the  28th  near  Susakl  in  Kochi-ken  as  it  meandered  and  advanced  NW, 
at  which  time  the  presaure  at  the  center  was  975  mb.  After  the  landfall 
it  crossed  Shikoku  and  split  into  two  centers  near  Aklnada  at  21:00.  One 
center  went  off  to  the  Sea  of  Japan  from  Hamata  at  1:00  on  the  29th  and 

diminished.  The  other  center  shifted  course  to  the  SW  at  3:00  on  the  29th 

and  became  a tropical  depression  40  km  NW  of  Nagasaki  at  15:00.  It  later 
changed  course  to  the  E and  crossed  Kyushu,  advancing  NE  as  it  moved 
eastward  from  south  of  Shikoku  and  headed  for  the  Aleutians.  This  pro- 
duced severe  storms  on  the  Inland  Sea,  southwestern  part  of  the  Sea  of 
Japan,  East  China  Sea,  etc. 

(17)  Typhoon  No.  16,  24  Sept.  1968  (Kurlo). 

A weak  tropical  depression  250  km  east  of  Saipsn  moved  northward  on 
the  12th.  Moving  north  from  the  15th  it  stopped  near  Torlshlma  and  at 
6:00  on  the  18th  became  Typhoon  No.  16.  The  typhoon  changed  course  to 
WNW  and  registered  930  mb  250  km  SSE  of  Miyako  Island  at  9:00  on  the  22d. 
Advancing  northward  it  registered  955  mb  et  22:00  on  the  24th  and  reached 
land  in  the  northwest  part  of  Kagoshima-ken . After  this  it  weakened 
rapidly  and  moved  along  tha  south  cosst  of  Kyushu.  It  advanced  lo  loop- 
like  fashion  from  Saga-ken  to  Hagasakl-ken  and  became  a weak  tropical 
depression  at  12:00  on  the  25th.  This  produced  storms  in  the  East  China 
Sea  on  the  25th  and  26th.  Large  wind  waves  were  created  on  the  southwest 
part  of  the  Sea  of  Japan,  the  Inland  Sea,  and  the  south  coast  of  Shikoku. 

(18)  Low  pressure  system,  5-6  Feb.  1969  (Kutsugata,  Iwanal,  Tottori, 
and  Yaglahlrl). 

A weak  low  which  developed  in  the  southern  part  of  the  Sea  of  Japan 
on  the  morning  of  the  4th  grew  rapidly  and  read  994  mb  on  the  morning  of 
the  5th  near  the  Tsugara  straits.  Another  system  that  arose  near  Taiwan 
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on  the  3rd  registered  990  mb  as  It  developed  offshore  from  Fusae.  At 
21:00  on  the  5th  the  one  near  Nerauro  registered  974  mb  and  the  second  off 
Sanrlku  992  mb.  Moving  NNE  to  N they  joined  in  the  southern  part  of  the 
Okhotsk  Sea  on  the  morning  of  the  6th,  falling  to  964  mb  and  developing 
as  a large  typhoon  which  produced  severe  storms  on  all  seas  surrounding 
Japan  as  well  as  the  Inland  Sea. 

(19)  Frontal  line  of  early  summer  rains,  28  June-7  July  1969  (Sendai). 

Rains  falling  over  southern  Kyushu  on  the  23th  continued  into  the 
night  and  spread  over  the  whole  region,  gradually  increasing  in  strength 
and  falling  over  the  Shikoku-Klnkl  area  as  well.  A center  of  very  heavy 
rain  over  southern  Kyushu,  and  a long  narrow  zone  of  rainfall  stretched 
from  southern  Kyushu  to  southern  Shikoku  early  on  the  29th.  Heavy  rains 
continued  throughout  the  morning  as  the  front  moved  south,  but  these 
lessened  at  1:00.  The  rains  increased  in  intensity  in  southern  Kyushu 
on  the  30th  with  rain  falling  in  the  mountains  of  Chubu  and  Tokai.  After 
advancing  north  the  rain  area  formed  an  east-west  zone  from  western  Kyushu 
to  Chugoku.  Total  rainfall  for  the  period  28  June  to  2 July  was  400-500 


(20)  Low  pressure  system,  31  Jan.  1970  (Niigata,  Hlmekawa,  Onahama). 

A low  pressure  system  developed  on  the  29th  west  of  Okinawa,  moving 
NE  as  it  deepened  rapidly,  passing  over  Klnkl,  Tokai,  Kanto,  and  Tohoku, 
and  going  out  to  sea  on  the  31st  at  Iwate-ken.  At  the  same  time  a low 
which  had  developed  on  the  29th  in  the  Sea  of  Japan  crossed  the  Klnkl 
region  on  the  30th  and  merged  with  the  other  low.  These  confined  systems 
were  located  over  the  sea  east  of  Hokkaido  on  the  morning  of  the  1st  with 
a reading  of  960  mb,  such  as  a typhoon.  This  system  had  a path  rare  for 
this  time  of  year  and  It  was  called  the  "low  of  January  l3 70"  because  of 
Its  size  and  amount  of  damage.  Severe  storms  were  generated  everywhere. 

(21)  Typhoon  No.  2,  5-6  July  1970  (Shlroko). 

Typhoon  No.  2 developed  In  the  Caroline  Islands  and  reached  the 
Oklnawas  on  the  2nd  and  3rd.  Hinds  strengthened  on  the  3rd.  After 
reaching  Muroto  on  the  afternoon  of  the  5th,  it  changed  course  to  the 
north  and  registered  960  mb  at  18:30.  It  reached  land  near  Sumaml  in  the 
southern  part  of  the  Kll  peninsula.  It  then  weakened  rapidly,  passed 
Osaka  bay  and  Kyogo-ken,  and  entered  the  Sea  of  Japan  where  it  moved  NW 
as  a tropical  depression.  There  were  severe  storms  In  the  region  south 
and  west  of  Kyushu  and  In  the  passage  between  Shikoku  and  Kll  as  wall 
as  heavy  wave  action  In  the  area  west  of  Kanto. 

(22)  Typhoon  No.  9,  14  Aug.  1970  (Waklsakl). 

A tropical  depression  formed  on  the  9th  300  km  NW  of  Torlshlma  and 
became  Typhoon  No.  9 350  km  at  sea  south  of  South  Daltoshlma.  It  passed 
over  the  Amcal  Islands  and  moved  to  an  area  SW  of  Kyushu.  The  pressure 
was  945  mb  at  23:00  on  the  14th.  It  nude  a landfall  near  Nagasaki  and 
moved  over  the  northern  part  of  Kyushu,  going  out  to  the  Sea  of  Japan  from 
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Hagi-shi.  It  weakened  rapidly  after  going  over  water  but  wind  velocity 
Increased  and  it  moved  N out  of  the  southern  part  of  the  Sea  of  Japan. 

The  storm  crossed  Hokkaido  on  the  16th  and  entered  the  Okhotsk  Sea.  As  a 
result  there  were  severe  storms  in  the  East  China  Sea  and  off  Shikoku 
from  the  13th  to  the  15th.  This  also  affected  the  Sea  of  Japan,  Inland 
Sea  and  the  Pacific  coast  north  of  Tokal. 

(23)  Typhoon  No.  10,  21  Aug.  1970  (Sakai,  Imabari,  Murotsu,  Kurei, 
Kaminogae,  Shlmoda). 

A tropical  depression  300  km  NE  of  Saipan  at  9:00  on  the  15th  became 
Typhoon  No.  10  at  12:00  on  the  16th.  It  moved  WNW,  then  NW  and  registered 
910  mb  at  3:00  on  the  20th.  It  then  weakened  as  it  approached  Shikoku 
and  read  960  mb  at  8:00  on  the  21st,  reaching  land  in  southwest  Kochi -ken. 

By  10:00  it  had  gone  from  Matsuyama  to  the  Inland  Sea  and  made  a second 
landfall  near  Kure  at  12:00,  passed  over  southern  Chugoku,  and  went  on  to 
the  Sea  of  Japan  at  Matsue  at  15:00,  At  3:00  on  the  23rd  it  became  a 
tropical  depression  on  the  southern  edge  of  Karafuto  and  entered  the 
Okhotsk  Sea.  Great  damage  resulted  in  the  Sea  of  Japan  excepting  Shikoku, 
the  Inland  Sea,  and  Hokuto. 

(24)  Low  pressure  system,  4 Jan.  1971  (Hamata). 

On  the  2nd  a low  was  located  in  the  Yellow  Sea  and  registered  990 
ad)  at  21:00  on  the  4th.  Approaching  Okl  Island  it  continued  SE  and 
dissipated  in  the  mountainous  area  of  Chubu.  At  the  same  time  a strong 
high  of  1046  mb  NW  of  Bokkal  created  a strong  pressure  differential  on 
the  side  of  Japan  toward  the  Sea  of  Japan,  giving  rise  to  strong  winds  and 
snow  storms . 

(25)  Low  pressure  system,  16-17  Jan.  1971  (Mlyako). 

A low  over  the  Sea  of  Japan  produced  cold  eddies  and  reached  Sanrlku 
on  the  16th.  It  registered  998  mb  at  3:00  on  the  17th,  remaining  stationary 
with  the  same  pressure  at  9:00  on  the  18th.  At  the  same  time  a large 
continental  high  of  1040  mb  created  a strong  pressure  gradient,  resulting 
in  high  winds  and  stormy  conditions  over  many  hours  from  the  17th  to  the 
18th  in  the  Tohoku  region. 

(26)  Low  pressure  system,  29-30  April  1971  (Onahama) . 

Low  pressure  systems  developed  in  western  Kyushu  and  southern  Korea 
on  the  morning  of  the  28th  and  advanced  ENE.  The  system  on  the  southern 
coast  advanced  to  the  southern  part  of  the  Kli  peninsula  at  9:00  on  the 
29th,  moved  along  the  coast,  and  reached  Kanto  on  the  morning  of  the  30th. 
This  caused  heavy  rains  on  tha  Pacific  coast  and  strong  wind  wavas  on  the 
coastlines  of  the  Sea  of  Japan  and  the  Pacific. 

(27)  Typhoon  No.  19,  5 Aug.  1971  (Miyasaki). 

A tropical  low  700  km  E of  Guam  on  25  July  reached  the  area  Stf  of 
the  Ryui  Islands  and  became  Typhoon  No.  19.  It  meandered  somewhat,  than 
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advanced  NW  and  drew  a loop  near  Yaku  Island  at  13:00  on  the  4th.  It  then 
registered  935  mb  at  the  center.  Weakening  after  this  it  advanced  north- 
ward unseen  and  read  950  mb  at  9:50  on  the  5th.  It  made  a landfall  on  the 
Shimabara  peninsula  near  Nishiarie,  crossed  the  straits  and  landed  again 
south  of  Saga-shi  at  11:40  on  the  5th.  At  13:00  it  went  out  to  the  Sea 
of  Japan  at  Hakata  bay,  advanced  NE,  and  became  a temperate  low  at  12:00 
on  the  7th  near  the  Soya  straits.  There  were  stormy  conditions  from  the 
eastern  part  of  the  East  China  Sea  to  Shikoku  and  the  Inland  Sea.  Similar 
conditions  prevailed  in  Kanto  and  the  Sea  of  Japan  areas.  This  typhoon 
produced  heavy  rains  and  more  than  500  mm  fell  near  Miyazaki  in  a 24  hour 
period.  Total  rainfall  was  over  1000  mm. 

(28)  Typhoon  No.  23,. 30  Aug.  1971  (Nobeoka). 

Typhoon  No.  23,  which  was  south  of  Torishima  on  the  21st,  advanced 
W-WNW,  turned  course  to  NE  at  9:00  on  the  29th,  and  registered  920  mb 
near  Cape  Seta  at  21:00.  Weakening  somewhat,  this  typhoon  passed  the  southern 
Pacific  coast  and  reached  Honshu  on  the  31st.  Heavy  storms  prevailed  from 
the  seas  off  southern  Kyushu  to  the  seas  near  Japan.  Some  400-800  mm  of 
rain  fell  along  Its  course  and  this  exceeded  1000  mm  in  Kyushu. 

(29)  Typhoon  No.  26,  11-13  Sept.  1971  (Ena,  Nakanosaku). 

A low  which  had  developed  in  the  southern  seas  at  9:00  on  the  4th 
took  a war'  to  north  course  and  became  Typhoon  No.  26.  The  pressure  was 
920  mb  at  3:00  on  the  11th  as  it  advanced  NW,  approaching  Boso  on  the  13th. 

It  did  not  make  a landfall  but  turned  northward,  passed  Sanrlku,  and 
moved  toward  Chishima.  High  waves  were  generated  on  the  Pacific  coast  from 
Tohoku  to  Hokkaido. 

(30)  Low  (treasure  system,  9 Nov.  1971  (Abashirl). 

A winter-type  low  of  996  mb  developed  over  the  sea  SE  of  Chishima 
on  the  8th  but  overnight  rose  to  1000  mb  and  neared  Abashirl.  This 
produced  storms  in  the  northern  Sea  of  Japan  on  8 and  9 Nov. 

(31)  Low  pressure  system,  11-12  Jan.  1972  (Kashlma,  Ataml). 

A low  which  developed  near  Iskigaki  Island  at  21:00  on  the  9th  advanced 
NE,  arriving  at  Gada  Island  and  changing  course  to  ENE.  It  became  a small 
typhoon  200  km  offshore  from  Cape  Mizuuml  at  21:00  on  the  11th,  registering 
980  mb.  It  developed  further  and  crossed  over  the  ocean  south  of  Kanto 
and  reglstarad  956  mb.  This  created  storms  along  the  coast  except  for  the 
northern  Sea  of  Japan. 

(32)  Low  pressure  system,  14  Feb.  1972  (Kushlro). 

There  was  a weak  low  in  the  southern  Sea  of  Japan  on  the  13th,  which 
advanced  northward  and  fell  to  992  mb  at  21:00  on  the  4th.  Another  low 
near  Taiwan  moved  along  the  south  coast  of  Japan  from  13  to  15  Peb.  in  an 
SHE  direction.  The  two  lows  remained  separata,  one  reaching  the  Okhotsk  Sea 
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and  Che  other  Che  seas  east  of  Honshu  on  Che  16th.  Winds  and  storms 
prevailed  in  all  of  the  coastal  areas. 

<*>  Low  pressure  system,  28  Feb.  1972  (Tokachi) . 

A low  pressure  system  on  the  Pacific  side  of  western  Japan  arrived  at 
Tokaido  from  Shikoku  on  the  27th  and  was  recorded  at  976  nib.  Another  low 
from  northern  China  entered  the  Sea  of  Japan,  and  a low  developed  off 
Akita  on  the  27th,  all  of  them  advancing  NE.  They  merged  into  one  system 
over  the  seas  west  of  Hokkaido  on  the  28th  and  remained  stationary,  creating 
severe  storms. 

(34)  Typhoon  No.  20,  16-17  Sept.  1972  (Hamana,  Yokkaichl). 

Typhoon  No.  20,  which  was  over  the  seas  east  of  Kyushu  on  the  14th, 
moved  northward,  registering  960  mb  on  the  morning  of  the  16th.  It  moved 
on  300  km  S of  the  Amaml  Islands  and  changed  course  to  NNW,  going  ashore 
at  Cape  Mlsuuml  at  18:00.  Karly  on  the  17th  it  entered  the  Sea  of  Japan 
from  Toyama.  It  weakened  somewhat  over  land,  but  fell  to  978  mb  over  the 
Sea  of  Japan,  then  gradually  weakened,  crossing  the  southern  part  of 
Hokkaido  and  reaching  Chlshima.  This  produced  stormy  conditions  over  a 
large  area  on  the  seas  to  the  south  and  even  to  the  north. 

(35)  Low  pressure  system,  1-2  Dec.  1972  (Wajima). 

A low  from  China  entered  the  Sea  of  Japan  on  the  morning  of  the  30th 
end  fell  to  986  mb  at  9:00  on  the  1st  on  the  sees  south  of  Hokkaido 
(Oshlma  peninsula) . This  created  strong  winds  from  the  morning  of  the 
1st  onward  in  the  Hokuriku  region  to  the  coaats  on  the  northern  Sea  of 
Japan. 

(36)  Low  pressure  system,  24  Dec.  1972  (Kashima). 

A low  which  had  developed  near  Taiwan  on  the  morning  of  the  22nd 
advanced  NE,  crossed  the  East  China  Sea  and  the  Kll  peninsula  and  the 
southern  coast  of  Honshu,  moving  ENE  and  reaching  Oshima.  After  this  on 
the  evening  of  the  24th  it  reached  the  seas  off  Boso.  There  were  strong 
winds  from  Kyushu  to  Kanto  and  severe  storms  on  the  coastlines. 


7.  Table  of  Damaged  Facilities  Investigated 


The  damaged  facilities  summarized  in  the  charts  are  outlined  in 
Table  1.  Those  recorded  are  considered  important  for  the  various  damaged 
facilities.  The  number  assigned  to  the  harbor  name  is  generally  the  same 
one  as  the  date  of  damage  of  restored  works  and  the  determined  number  is 
identical,  differing  from  the  standard  cross  section.  Ones  in  construction 
stages  are  based  on  this. 

Following  are  more  detailed  explanations  of  the  items  covered. 

a)  Wave  height  H 1/3 

This  is  significant  wave  height  at  time  of  damage,  recorded  at  the 
actual  site  damaged,  but  we  also  enter  reports  of  "unknown"  and  H max. 

b)  Tidal  level 

This  is  for  the  time  of  damage.  When  "unknown"  is  recorded  for  the 
site,  H.W.L.  is  given  in  parentheses  for  reference. 

c)  Established  water  depth 

This  is  the  normal  basin  height  in  front  of  the  breakwater. 

d)  Crown  height 

The  parapet  height,  where  a parapet  is  present,  is  taken  as  crown 
height  of  the  breakwater. 

e)  Height  of  the  vertical  part  lower  edge 

This  is  the  standard  height  of  the  lower  edge  of  the  vertical  part 
of  caisson  breakwaters,  block  breakwaters,  etc.  For  foundation  mound  it 
is  the  height  of  the  foundation  mound  crown. 

f)  Height  of  riprap  crown 

With  base  works,  overlay,  and  wave  dissipating  works  made  of  riprap 
or  irregular  blocks  the  crown  height  is  that  most  exposed  to  direct  waves. 
This  does  not  include  consolidation  blocks  using  consolidated  rubble. 

g)  Sea  floor  slope 

This  is  slope  in  front  of  the  damaged  breakwater.  Local  reports  are 
entered  in  standard  cross  section  diagrams  prior  to  damage.  We  determined 
this  from  water  depth  charts  ourselves  where  no  report  was  made. 
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h)  Caisson  sinking  weight 


With  caissons  we  consider  this  weight  as  the  buoyant  force  when  the 
whole  caisson  and  superstructure  are  immersed  in  water.  The  following 
assumptions  are  made  here: 

1.  Unit  volume  weight  of  2.3  t/m^  for  the  caisson  and  concrete. 

2.  Unit  volume  weight  of  2.3  t/m^  for  concrete  in  superstructure. 

3.  Unit  volume  weight  Including  fill  water  has  recently  been  set 

at  1.9  t/mJ  and  this  is  considered  appropriate.  We  use  1.9  t/nr3 
even  when  this  differs  from  local  reports.  With  "unknown"  reports 
we  assume  sand  is  used,  but  before  the  war  almost  all  in  Hokkaido 
used  concrete,  and  pre-war  concrete  was  2.3  t/m^.  Otherwise  we 
uae  the  reported  values. 

4.  Where  the  thickness  of  caisson  walls  is  unknown,  we  estimate  it 


from  comparable  caissons  in  the  region. 


8.  Postscript 


This  collection  of  charts  is  based  on  reports  of  the  damage  status 
of  breakwaters,  etc.,  but  we  are  still  afraid  that  there  are  some  inaccuracies 
since  a considerable  amount  of  time  may  have  passed  after  the  damage  and 
reports  from  local  officials  could  not  be  adequately  understood. 

We  have  taken  this  into  consideration  and  tried  to  strive  for  accuracy 
but  at  the  same  time  ask  for  your  indulgence  when  errors  are  found. 

Our  data  may  be  used  in  analyzing  examples  of  damage  and  in  improving 
design  techniques,  but  there  are  few  results  of  observations  with  instru- 
ments for  recording  waves  at  time  of  damage  and  other  natural  conditions. 

Few  of  the  causes  of  damage  can  be  studied  directly.  Not  only  must  we 
study  natural  conditions  at  the  time  of  damage  when  analyzing  damage 
to  breakwaters  but  also  grasp  the  stages  of  damage.  These  cannot  be 
incorporated  in  the  charts.  It  is  also  essential  to  grasp  in  detail 
various  conditions  when  investigating  specific  examples  of  damage. 

We  would  like  to  express  thanks  to  the  Hokkaido  Development  Bureau, 
the  various  Port  and  Harbor  Bureaus,  administration  of  ports  and  harbors, 
the  Ministry  of  Transport  District  Port  Construction  Bureaus,  and  to  the 
Disaster  Prevention  Bureau.  They  provided  much  of  the  data  and  shared 
in  the  publication.  Help  was  also  received  from  Dr.  Tanaka,  head  of  the 
floating  sand  laboratory  of  the  Institute  for  Technical  Research  of  Ports 
and  Harbors,  Dr.  Sasaki,  formerly  with  the  Institute,  Dr.  Goda  of  the 
Wave  Research  Institute,  and  to  Mr.  Kinto  of  the  Design  Standards  Section. 
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Appendix:  Trends  in  Damage  to  Breakwaters 


Waves,  tsunamis,  flooding,  earthquakes,  etc.  are  cited  as  causes  of 
damage  to  breakwaters.  The  sections  receiving  damage  differ  too. 

We  are  trying  here  to  comprehend  the  trends  in  damage  by  looking  at 
meteorological  elements  involved  in  damage,  what  sections  are  damaged,  etc. 

1.  Data  Gathering  and  Methods  of  Analysis 

We  have  assembled  in  this  article  data  on  900  facilities,  as  shown 
as  far  as  possible  in  Table  1 (Appendix),  damaged  in  the  period  1965-1972, 
and  attempted  to  break  them  down  according  to  meteorological  elements  and 
sections  damaged.  This  does  not  include  facilities  being  constructed. 

2.  Analysis  by  Damaged  Section 

Table  2 (Appendix)  lists  number  of  damaged  sections  by  year  to  clarify 
the  many  sections  damaged  according  to  construction  method  of  the  break- 
water, etc.  The  damage  is  shown  with  the  following  symbols: 

0 : Movement  of  caisson  (when  caissons  moved  irregularities  were  noted 

in  other  parts  as  well,  but  in  this  case  that  is  included  in  the  movement 
of  the  caisson). 

9 : Destruction  of  riprap  (riprap,  irregular  blocks  in  foundation 

works,  overlay,  and  consolidation  works)  and  superstructure. 

® : Destruction  of  riprap  (vertical  part  excluding  foundation  works, 

overlay,  superstructure,  wave-breakers,  etc.)  and  superstructure. 

O : Dispersion  of  riprap,  etc. 

(Zfi  Destruction  of  superstructure. 

(£  Destruction  of  main  levee  body. 

c£:  Destruction  of  superstructure  and  main  body. 

-<£>-:  Dispersion  of  wave  dissipation  works. 

Q:  Movement,  falling  over,  and  dispersion  of  vertical  parts  of 

block  levees,  cellular  block  levees,  in-site  placed  concrete  levees. 

€)■  Sinking  and  dispersion  of  riprap,  riprap  block  breakwaters. 

Those  of  continuous  rubble  and  hollow  rubble  as  in  a riprap-type 
sloping  breakwater  are  shown  in  parentheses. 
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In  addition  to  direct  wave  damage  resulting  in  damage  to  breakwaters 
the  frontal  basin  may  be  scoured  and  the  damaged  part  may  often  extend 
gradually  from  the  foundation  mound  to  the  main  levee  body.  What  is 
presumed  to  be  this  type  of  damage,  that  is,  erosion  by  scouring,  is  shown 
in  parentheses . 

3.  Analysis  of  Meteorological  Elements 

Various  types  of  meteorological  elements  cause  damage  to  breakwaters. 

Of  these  the  most  Important  are  typhoons,  low  pressure  systems,  winter 
wind  waves,  and  flooding  from  heavy  rains.  Here  comparisons  are  made 
between  date  when  damaged  occurred  as  noted  in  records  on  restoration  of 
damage  and  meteorological  tables  published  by  the  Meteorological  Agency, 
weather  charts,  and  rapid  forecast  charts  of  the  Meteorological  Society 
of  Japan.  These  are  summarized  from  these  various  weather  sources  by 
damage  element  and  analyzed  for  correlations  between  amount  of  damage 
as  reflected  in  cost  of  restoration,  number  of  damaged  facilities,  location 
of  damaged  harbor  and  meteorological  element,  with  reference  to  path  and 
size  of  the  meteorological  element  that  caused  the  damage. 

4.  Number  of  Damaged  Facilities  Broken  Down  by  Damage  Element 

These  are  summarized  in  Table  3 (Appendix)  to  show  number  of  harbors 
damaged  by  meteorological  elements,  number  of  damaged  facilities,  and 
estimated  cost  of  restoration  in  three  categories,  less  than  10,000,000  yen, 
10-30,000,000  yen,  and  more  than  30,000,000  yen.  Date  of  the  typhoon,  low, 
flooding  rains,  etc.,  is  entered,  but  seasonal  factors  such  as  winter  wind 
waves  are  not  related  to  the  date  and  have  been  entered  for  a one  year 
period.  This  same  reasoning  as  the  designation  of  damage  elements  applies 
to  the  distinction  between  lows  and  winter  wind  waves  in  3.  (1).  b). 

5.  Location  of  Damaged  Harbors  Broken  Down  by  Meteorological  Elements 

Appended  figures  1-18  show  which  part  of  the  harbors  were  most  severely 
damaged,  using  data  on  path  and  size  of  the  center  of  the  storm  which 
caused  the  particular  damage  to  the  breakwaters.  Location  of  damaged 
harbors  was  recorded  for  all  of  Japan  by  typhoon,  low,  etc.,  which  were 
presumed  to  be  the  damaging  element.  The  following  items  entered  into 
the  preparation  of  these  figures. 

a)  The  path  of  the  center  of  the  typhoon  or  low  is  usually  shown  on 
the  maps  by  solid  or  dashed  lines.  The  arrow  at  the  end  shows  the  direction 
of  advance. 

Encircled  numbers  on  the  line  of  the  storm  path  show  the  location 
of  the  center  on  that  day  as  of  9:00. 

With  typhoons,  etc.,  the  larger  encircled  number  with  an  arrow 
pointing  to  the  path  shows  the  sequence  of  development  for  convenience 
in  using  a single  map  for  several  storms. 
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b)  Full  and  empty  circles  which  Indicate  harbor  locations  on  the  maps 
distinguish  the  meteorological  elements  Involved  where  this  can  be  deter- 
mined. These  are  shown  in  the  explanatory  section  above  the  maps.  Full 
and  empty  triangles  have  the  following  significance: 

A : Mostly  winter  wind  waves  but  may  involve  several  low  pressure 

systems . 

jk.  : Flooding  due  to  winter  waves  or  to  heavy  rains.  This  includes 

one  facility  damaged  by  an  earthquake. 

Harbor  names  with  a number  alongside  are  those  where  restoration  cost 
exceeded  10  million  yen.  When  damage  was  less  than  this  no  number  is 
given . 

Names  of  harbors  enclosed  in  a box  with  a single  line  are  those  which 
have  facilities  recorded  in  the  charts  and  tables.  Those  with  a double 
lined  box  were  in  construction  when  damaged. 

c)  The  date  is  the  day  when  the  actual  damage  occurred. 

d)  The  name  of  the  element  is  that  of  the  damage-inflicting  meteoro- 
logical element  which  is  Indicated  by  the  path  of  the  typhoon,  low,  etc. 

e)  The  time  of  day  and  lowest  pressure  reading  are  given  for  3:00, 
9:00,  15:00,  or  21:00  for  the  meteorological  element  In  that  particular 
region.  This  is  not  restricted  to  the  lowest  reading  in  the  region  for 
the  typhoons  and  lows,  but  the  authors  determined  that  the  effect  on 
causing  damage  to  harbors  was  small  outside  of  this  region  and  entered 
those  within  the  region  on  these  maps. 

When  identical  lowest  pressure  readings  were  recorded  in  the  region 
of  this  map  two  or  more  times,  we  entered  the  day  and  hour  nearest  to 
the  mainland. 
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Tabic  1.  Sumary  of  damaged  facilieica 


Kay: 

1.  Number 

2.  Name  of  harbor 

3.  Name  of  facility 

4.  Type  of  cona traction 

5.  Date  damaged 

6.  Date  completed 

7.  Main  damage 

8.  Wave  height  H 1/3 

9.  Tidal  level 

10.  Eetabliehed  water  depth 

11.  Crown  height 

12.  Crown  height  of  lower  vertical  part 

13.  Crown  height  of  riprap,  etc. 

14.  Slope  of  harbor  floor 

15.  Water  sinking  weight  of  caisson  breakwater 

16.  Monbetau 

17.  Abashiri 

18.  Xushiro 

19.  Tokachi 

20.  Kutsugata 

21.  Teuri 

22.  Yagiahiri 

23.  Eumoi 

24.  Yoichi 

25.  Iwanai 

26.  Hakodate 

27.  Niigata 

28.  Ryotau 

29.  Raahiwasaki 

30.  Himekawa 

31.  Wajima 

32.  Kanaaawa 

33.  Aoawri 

34.  Shiriyamiaaki 

35.  Hachinohe 

36.  Miyako 

37.  Ena 

38.  Makanosaku 

39.  Onabama 

40.  Shima  breakwater 

41.  North  breakwater  (Cho) 

42.  North  breakwater  (Ma) 

43.  East  breakwater 

44.  North  breakweter 

45.  West  harbor  east  breakwater 
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46.  South  breakwater  - 

47.  West  breakwater 

48.  West  breakwater  (A  part) 

49.  East  harbor  west  breakwater 

50.  No.  1 breakwater 

51.  Tugawa  east  breakwater 

52.  Breakwater 

53.  Kavaraki  east  breakwater 

54.  Idesaki  breakwater 

55.  Offshore  breakwater 

56.  No.  1 West  breakwater 

57.  No.  2 West  breakwater 

58.  Caisson  composite  breakwater 

59.  In  site  poured  concrete  breakwater 

60.  Caisson  coapoeite  breakwater 

61.  llock  composite  breakwater 

62.  Caisson  type  vertical  wall  breakwater 

63.  Being  constructed 

64.  1940's 

65.  Bsrly  1920's  to  1930 

66.  1963 
66s.  1923-1936 

67.  1944 

68.  1962 

69.  22  Nov.  1965 

70.  10  June  1966 

71.  1916 

72.  1940 

73.  Nov.  1965 

74.  1969 

75.  1963  (damage  restoration) 

76.  5 Nov.  1963 

77.  4 Dec.  1968 

78.  1953-1964 

79.  Sept.  1970 

80.  25  Her.  1971 

81.  25  Mar.  1967 

82.  25  Mar.  1968 

83.  Caisson,  consolidation  block  shifting  with  dispersion  of  overlay 
tetrapods  and  foundation  mound. 

84.  Destruction  of  superstructure  and  ... 

85.  Destruction  of  superstructure  and  dispersion  of  overlay. 

86.  Destruction  and  cracking  of  caissons. 

87.  Destruction  of  superstructure,  dispersion  of  foundation  mound  and 
consolidation  blocks. 

88.  Shifting  of  caissons,  dispersion  of  foundation  mound 

89.  Destruction  of  superstructure  and  caiasons 

90.  Caisson  shifting,  superstructure  destroyed,  overlay,  consolidation 
blocks  dispersed 

91.  Caisson  shifting,  superstructure  destroyed,  foundation  mound,  overlay, 
consolidation  blocks  dispersed. 
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92.  Caisson  shifting,  dispersion  of  overlay  tetrspods,  foundation  sound, 
and  consolidation  blocks. 

93.  Caisson  shifting,  superstructure  destroyed,  overlay  tetrspods, 
foundation  mound,  and  consolidation  blocks  dispersed. 

94.  Tilting  of  caissons,  superstructure  destroyed,  foundation  works 
destroyed. 

95.  Dispersion  of  overlay  and  foundation  mound. 

96.  Caissons  and  superstructure  destroyed,  wave  dissipating  tetrspods 
dispersed. 

97.  Shift  and  damage  to  caissons. 

98.  Dispersion  of  overlay,  foundation  mound,  and  consolidation  blocks. 

99.  Same  as  98. 

100.  Dispersion  of  wave  dissipating  tetrspods 

101.  Shift  and  sinking  of  levee  body,  dispersion  of  overlay,  foundation 
mound,  consolidation  blocks. 

102.  Shift,  sinking,  damage  to  caissons,  dispersion  of  overlay. 

103.  Dispersion  of  main  blocks,  superstructure  destroyed. 

104.  Caisson  shifting,  dispersion  of  overlay  and  consolidation  blocks. 

105.  Caisson  shifting,  dispersion  of  overlay. 

106.  Caisson  shifting. 

107.  Shifting  and  cracking  of  caissons,  dispersion  of  overlay  and  wave 

dissipating  tetrspods.  v . 

108.  Shifting  and  cracking  of  caissons  '' A - 

109.  Caisson  shifting,  cracking  of  superstructure 

110.  Caisson  shifting,  dispersion  of  overlay  tetrspods  and  foundation 
mound. 

111.  Dispersion  of  wave  dissipating  hollow  triangular  blocks. 

112.  Shifting  and  damage  to  caissons,  dispersion  of  overlay  (hollow 
triangular  blocks,  blocks,  riprap)  and  foundation  mound. 

113.  Caisson  shifting,  dispersion  of  overlay  and  foundation  mound. 

114.  Visually  measured 

115.  Estimated 

116.  Actual  measurement 

117.  Unknown 
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Table  1.  Summary  of  damaged  facilitiea  (continued) 


Key: 


1- 

15.  Keyed  aa  in  preceding  part 

of  Table 

16. 

Onahaaa 

17. 

Kaahima 

18. 

Atami 

19. 

Numazu 

20. 

Ukusu 

21. 

Tagonouda 

22. 

Hamana 

23. 

Yokkaichi 

24. 

Shiriko 

25. 

Tottori 

26. 

Sakai 

27. 

Etau 

28. 

Hamada 

29. 

Wakayama  no  Shimozu 

30. 

Hivaaa 

31. 

Imabari 

32. 

Murotau 

33. 

Kurei 

34. 

Kaminogae 

35. 

Shimoda 

36. 

Karatau 

37. 

Wakicaki 

38. 

Nobeoka 

39. 

Miyazaki 

40. 

Sandal 

41. 

Kurio 

42. 

Ho.  2 weat  breakwater 

43. 

Outer  harbor  outer  breakwater 

<H),  (J) 

44. 

Seat  breakwater 

45. 

Outer  harbor  weat  breakwater 

46. 

Outer  harbor  eaat  breakwater 

47. 

Breakwater 

48. 

Heat  breakwater 

49. 

Eaat  training  levee 

50. 

Aaahi  breakwater 

51. 

South  breakwater 

52. 

Karo  diatrict  eaat  breakwater 

53. 

Outer  harbor  diatrict  breakwater 

54. 

8uda  diatrict  training  levee 

55. 

South  harbor  outer  breakwater 

56. 

Horth  breekweter 

57. 

Beat  breakwater 

58. 

Comen  No.  1 breakwater 

59. 

Futanaehima  breakwater 

60. 

Kaaata  weat  breakwater 
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61.  Kamagakubo  breakwater 

62.  Harbor  entrance  training  levee 

63.  East  harbor  district  west  breakwater 

64.  South  training  levee 

65.  Middle  training  levee 

66.  North  training  levee 

67.  Training  levee 

68.  Caisson  composite  breakwater 
68a.  Block  composite  breakwater 

69.  Pneumatic  caisson 

70.  Riprap  sloping  levee 

71.  In-site  poured  concrete  composite  breakwater 

72.  Block  sloping  levee 

73.  Cellular  block  composite  breakwater 

74.  Riprap  sloping  levee 

75.  Composite  breakwater 

76.  Being  constructed 

77.  5 Dec.  1971 

78.  25  Dec.  1971 

79.  25  Mar.  1965 

80.  25  Mar.  1961 

81.  25  Mar.  1964 

82.  11  May  1961 

83.  25  Mar.  1959 

84.  25  Mar.  1972 

85.  Mar.  1963 

86.  25  Mar.  1963 

87.  25  Mar.  1966 

88.  1930 

89.  31  Mar.  1960 

90.  25  Mar.  1970 

91.  20  Mar.  1935 

92.  1914-1934 

93.  12  June  1969 

94.  Not  known 

95.  1940's 

96.  1965 

97.  31  Mar.  1970 

98.  31  Mar.  1971 

99.  31  Mar.  1969 

100.  Mar.  1969 

101.  Mar.  1968 

102.  Sinking  of  caissons,  dispersion  of  foundation  mound  and  consolidation 
blocks. 

103.  Shifting  of  caissons,  dispersion  of  overlay  concrete  blocks,  foundation 
mound,  and  consolidation  blocks. 

104.  Shifting  of  caissons,  dispersion  of  overlay  gammal  and  foundation  mound. 

105.  Shifting  of  caissons,  dispersion  of  overlay,  foundation  mound,  and 
consolidation  blocks. 

106.  Shifting  and  sinking  of  caissons,  dispersion  of  wave-breaker  tetrapods. 

107.  Shiftipg  of  caissons,  dispersion  of  wave-breaker  tetrapods. 

108.  Shifting  and  sinking  of  caissons,  dispersion  of  overlay  and  foundation 
mound. 
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109.  Sloping  of  front  of  pneumatic  caissons. 

110.  Sloping  of  levee  body  blocks,  dispersion  of  consolidation  tetrapods. 

111.  Dispersion  of  wave-breaker  tetrapods  and  superstructure  concrete 
blocks. 

112.  Shifting  of  caissons,  damage  to  superstructure. 

113.  Cracks  in  main  body  and  superstructure,  dispersion  of  overlay. 

114.  Sinking  and  dispersion  of  overlay  tetrapods,  loosening  of  main  levee 
blocks . 

115.  Shifting  and  sinking  of  main  levee  blocks,  dispersion  of  overlay  and 
foundation  mound. 

116.  Sinking  and  dispersion  of  tetrapod  wall. 

117.  Toppling  and  damage  to  superstructure  and  main  levee  cellular  blocks 

dispersion  of  wave-breaker  tetrapods.  \ 

118.  Toppling  and  damage  to  superstructure  and  main  levee  cellular  blocks 

119.  Cracking  of  caissons,  dispersion  of  overlay,  foundation  mound,  and 
consolidation  mound. 

120.  Dispersion  of  overlay,  foundation  mound,  and  consolidation  blocks. 

121.  Toppling  of  main  levee  blocks  and  superstructure,  dispersion  of 
overlay  and  foundation  mound. 

122.  Dispersion  of  wave-breaker  hollow  triangular  blocks. 

123.  Dispersion  of  consolidation  material. 

124.  Dispersion  of  main  body. 

125.  Dispersion  of  consolidation  riprap. 

126.  Sinking  and  dispersion  of  tetrapod  wall. 

127.  Shifting  of  caissons. 

128.  Shifting  and  sinking  of  caissons. 

129.  Sinking  and  dispersion  of  tetrapod  wall. 

130.  Dispersion  of  wave-breaker  (consolidation)  6-legged  blocks. 

131.  Sinking  and  dispersion  of  6- legged  block  wall. 

132.  Actual  measurement 

133.  Estimated 

134.  Visual  measurement. 

135.  Eroded  and  scoured  by  flood  waters. 


Table  1 (appendix) . 

Breakdown  of  number  of  damaged  facilities 


Key: 

1.  Year  (40  - 1965  to  47  - 1972) 

2 . Breakwaters 

3.  Training  levees 

4.  Levees  to  hold  sand 

5.  Jetties 

6.  Total 


K*&t 

rcefo 

*- 

40 

224 

21 

10 

4 

259 

41 

52 

14 

4 

1 

71 

42 

41 

6 

5 

4 

56 

43 

81 

7 

2 

4 

94 

44 

29 

6 

2 

2 

39 

45 

185 

18 

2 

7 

212 

46 

70 

16 

5 

91 

47 

65 

9 

4. 

78 

It 

747 

97 

34 

22 

900 

Table  2 (appendix) . 

Places  damaged  on  breakwaters,  etc. 


Key: 

1.  Year  (40  ■ 1965;  41  ■ 1966,  continued  on  next  page) 

2.  Place  damaged 

3.  Upper  levee  body 

4.  Caisson  type 

5.  Composite  breakwater 

6.  Vertical-wall  breakwater 

7 . Block  type 

8.  In-site  placed  concrete  type 

9.  Cellular  block  type  breakwater 

10.  Riprap  block  sloping  breakwater 

11.  Riprap  type 

12.  Sloping  levee 

13.  Piled  8 tone 

14.  Other 

15.  Total 

16.  Go  to  next  page 

17.  Eroded  by  scouring 


-232- 
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Table  3 (appendix). 

Breakdown  of  damaged  facilities  by  meteorological  elements. 


Key: 

1.  Year 

2.  Date 

3.  Designation  of  meteorological  element 

4.  Number  of  harbors 

5.  Number  of  facilities 

6.  Breakdown  of  facilities  by  cost  of  restoration 

7.  Less  than  10  million  yen 

8.  10-30  million  yen 

9.  More  than  30  million  yen 

10.  Low  pressure  system 

11.  Typhoon 

12.  Flooding  from  heavy  rains 

13.  Winter  wind  waves,  etc. 

14.  Flooding  from  melting  snow 

15.  Total 

16.  Earthquake 


Figure  1 (appendix) 


Key: 

1.  1965 

2 . Examples  given 

3.  Number 

4.  Damaged  harbor 

5.  Date  damaged  (20  June,  5-7  Aug.,  10  Sept.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  of  day  (9:00,  3:00,  and  21:00) 

9.  Path 

10.  Typhoons  9,  15,  and  23 

11.  Udetsu 

12.  Elnoshlma 

13.  Himejl 

14.  Etsu 

15 . Hlgashlharima 

16.  Kobe 

17.  Mltashlrl 

18.  Karita 

19.  Takamatsu 

20.  Tsuda 

21.  Tsu 

22 . Amagasaki 

23.  Wakayama 

24 . Tomloka 

25.  Komatsujlma 

26.  Obe 
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Figure  2 (appendix) • 


Key: 

1.  1965 

2 . Examples  given 

3.  Number 

4 . Harbor  damaged 

5.  Date  (22  Aug.,  17-18  Sept.,  3-5  Oct.) 

6.  Name  of  storm 

7.  Lowest  pressure 

8.  Time  (3:00,  9:00,  3:00) 

9.  Path 

10.  Typhoons  17,  24,  and  28 

11.  Noheji 

12.  Shiogama 

13.  Nakanosaku 

14 . Tagonoura 

15.  Olgawa 

16 . Hikone 

17.  Ujiyamata 

18 . Hamana 

19.  Kimoto 

20.  Numazu 

21 . Nagara 

22 . Omaezaki 

23.  Amaml  Islands 


Figure  3 (appendix) 


Key : 

1.  1965 

2 . Examples  given 

3 . Number 

A . Harbor  damaged 

5.  Date  (8-10  Jan.,  20-22  Feb.,  15  Mar.,  14-16  Nov.,  14-17  Dec. 

6 . Cause 

7.  Lowest  pressure 

8.  Time  (9:00,  15:00,  3:00,  15:00,  15:00) 

9 . Path 

10.  Low  pressure  systems 

11 . Wakkanai 

12.  Teuri 

13.  Rumoi 

14.  Yagishiri 

15 . Monbetsu 

16.  Abashlri 

17.  Yoichi 

18 . Sugaseki 

19.  Etuu 

20.  Shimoda 

21 . Amaml  Islands 
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Key: 

1.  1966 

2.  Examples  given 

3.  Number 

4.  Harbor  damaged 

5.  Date  (28  June,  23-24  Aug.,  9 Sept.,  24  Sept.,  24-25  Sept.) 

6 . Cause 

7.  Lowest  pressure 

8.  Time  (3:00,  21:00,  9:00,  3:00,  21:00) 

9.  Path 

10.  Typhoons  4,  15,  19,  24,  26 

11 . Tagonoura 

12 . Oigawa 

13.  Numazu 

14.  Niijima 

15 . Akazaki 

16.  Amaml  Islands 
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Figure  5 (appendix) 


Key: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 


1966 

Examples  given 
Number 

Harbor  damaged 

Date  (7  Jan.,  5-6  Mar.,  19  Mar.,  28  Oct.,  20  Dec.) 
Cause 

Lowest  pressure 

Time  (9:00,  15:00,  15:00,  15:00,  21:00) 

Path 

Low  pressure  systems 

Kutsugata 

Abashiri 

Iwanai 

Kuji 

Hon  jo 

Ryotsu 

Sugaseki 

Kashiwazaki 

Igo 

Kanazawa 
Fushiki toy ama 
Amaml  Islands 
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Figure  6 (appendix) 


Key: 


1.  1967 

2 . Examples  given 

3.  Number 

4 . Harbor  damaged 

5.  Dace  (22-23  Aug.,  11-13  Sept.,  21-22  Sept.,  27-28  Oct.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (15:00,  15:00,  15:00,  3:00) 

9.  Path 

10.  Typhoons  18,  22,  27,  34 

11.  Could  not  be  entered 

12.  Shlrlyamlsakl 

13.  Aomori 

14.  Tokachl 

15.  Hitachi 

16 . Shlroko 

17.  Hlwasa 

18.  Ukul 

19.  Hamana,  Omaezakl 

20.  Ukusu 

21.  Amaml  Islands 


Figure  7 (appendix). 
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Key: 

1.  1967 

2.  Examples  given 

3.  Number 

4.  Harbor  damaged 

5.  Date  (22  Mar.,  8-9  Nov.,  15  Nov.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (9:00,  3:00,  15:00) 

9.  Path 

10.  Low  pressure  systems 

11 . Wakkanai 

12.  Teshio 

13.  Iwanai 

14 . Kushiro 

15.  Hakodate 

16.  Kamo 

17.  Kanazawa 

18 . Mar ugame 

19.  Akazakl 

20.  Amami  Islands 


Figure  8 (appendix). 
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1968 

Examples  given 
Number 

Harbor  damaged 

Date  (28  July,  16  Aug.,  28  Aug.,  24-25  Sept.) 
Cause 

Lowest  pressure 

Time  (15:00,  15:00,  15:00,  3:00) 

Path 

Typhoons  4,  7,  10,  16 

Ivakunl 

Kabuto 

Kurltsu 

Imagire 

Hlwasa 

Sendai 

Miyazaki 

One j ime 

Amaml  Islands 

Continuous 

Kurio 


Figure  9 (appendix) . 


Key: 

1.  1968 

2.  Examples  given 

3.  Number 

4 . Harbor  damaged 

5.  Date  (13-14  Jan.,  14-15  Feb.,  24-25  Oct.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (9:00,  9:00,  15:00) 

9.  Path 

10.  Low  pressure  systems 

11.  Kamo 

12.  Fukuzu 

13.  Kanazawa 

14 . Takuno 

15 . Nagasaki 

16.  Karatsu 

17.  Beppu 

18.  Amami  Islands 
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Figure  10  (appendix) 


Key: 

1.  1969 

2.  Examples  given 

3.  Number 

4 . Harbor  damaged 

5.  Date  (4  Aug.,  22-23  Aug.) 

6 . Cause 

7.  Lowest  pressure 

8.  Time  (21:00,  9:00) 

9 . Path 

10.  Typhoons  7,  9 

11 . Shiroko 

12 . Mimitsu 

13.  Kagoshima 

14 . Amami  Islands 


Figure  12  (appendix) 


Key: 

1.  1970 

2 . Examples  given 

3.  Number 

4.  Harbor  damaged 

5.  Date  (4-6  July,  13-15  Aug.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (9:00,  9:00) 

9.  Path 

10.  Typhoons  2,  9 

11 . Hachinohe 

12.  Shiroko 

13.  Kunlmoto 

14 . Okinoura 

15.  Niwatorisama 

16.  Wakizaki 

1 7 . Sugawa 

18.  Hamashlri 

19.  Kurio 

20.  Amami  Islands 


3 26 


Figure  13  (appendix) 


Key : 

1.  1970 

2 . Example  given 

3.  Date  (20-21  Aug.) 

4.  Cause:  Typhoon  10 

5.  Lowest  pressure 

6.  Time  (9:00) 

7.  Sakai 

8.  0ml 

9 . Tasaka 

10 . Iwakunl 

11.  Ibota 

12.  Murotsu 

13.  Imabarl 

14.  Uiwasa 

15.  Kurltsu 

16.  Naka 

1 7 . Nobeoka 

18 . Shimoda 

19.  Kurei 

20.  Kaminogae 

21.  Amami  Islands 
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Figure  14  (appendix) 


Key: 

1.  1970 

2 . Examples  given 

3.  Number 

4.  Harbor  damaged 

5.  Date  (31  Jan.,  IS  Mar.,  18  Sept.,  10-11  Nov.,  13  Dec.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (3:00,  9:00,  15:00,  3:00,  21:00) 

9.  Path 

10.  Low  pressure  systems 

11.  Kamo 

12.  Ofunato 

13.  Niigata  east 

14.  Fukutsu 

15.  Kanazawa 

16.  Naoetsu 

17.  Hlmekawa 

18 . Fushlkl  Fuj iyama 

19 . Onahama 

20.  Amaml  Islands 
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Figure  16  (appendix) . 


Key: 

1.  1971 

2.  Examples  given 

3 . Number 

4 . Harbor  damaged 

5.  Date-  (4  Jan.,  16-17  Jan.,  29  April,  9 Nov.,  3 Dec.) 

6 . Cause 

7.  Lowest  pressure 

8.  Time  (21:00,  3:00,  21:00,  3:00,  9:00) 

9.  Path 

10.  Low  pressure  systems 

11.  Could  not  be  entered 

12.  Abashirl 

13.  Horoizumi 

14.  Hachinohe 

15.  Akita 

16 . Miyako 

17.  Kashiwazaki 

18.  Naoetsu 

19 . Onahama 

20.  Aijima 

21.  Ojima 

22.  Hamada 

23.  Murasaklyama 

24.  Nejime 

25.  Am ami  Islands 
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Figure  IS  (appendix) 


Key: 

1.  1971 

2.  Examples  given 

3 . Number 

4 . Harbor  damaged 

5.  Date  (4-5  Aug.,  29  Aug. -2  Sept.,  11-12  Sept.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (21:00,  21:00,  3:00) 

9.  Path 

10.  Typhoons  19,  23,  26 

11.  Could  not  be  entered 

12.  Kushiro 

13.  Hisanohama 

14 . Ena 

15 . Nakanosaku 

16.  Sakai 

17.  Kltakyushu 

18.  Iwakunl 

19 . Wa  kay ama-sh imo zu 

20.  Karlta 

21.  Ho8ojima 

22.  Mimitsu 

23.  Shimoda 

24 . Sazenohama 

25 . Nobeoka 

26 . Miyazaki 

24.  Amami  Islands 
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Figure  17  (appendix). 
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Key : 

1.  1972 

2 . Examples  given 

3.  Number 

4 . Harbor  damaged 

5.  Date  (15  July,  19-20  July,  23-24  July,  16-18  Sept.) 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (9:00,  9:00,  9:00,  21:00) 

9.  Path 

10.  Typhoons  6,  7,  9,  20 

11.  Fushiki  Fujiyama 

12.  Tago 

13.  Yokkaichi 

14 . Ogawa 

15.  Yura 

16.  Hamana 

17.  Beppu 

18 . Nobeoka 

19.  Hosojlma 

20.  Miyazaki 

21 . Amaml  Islands 
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Figure  18  (appendix). 


Key : 

1.  1972 

2.  Examples  given 

3.  Number 

4.  Harbor  damaged 

5.  Date  (9-12  Jan.,  14  Feb.,  28  Feb.,  10  Nov.,  30  Nov 

6.  Cause 

7.  Lowest  pressure 

8.  Time  (15:00,  21:00,  9:00,  3:00,  9:00) 

9.  Path 

10.  Low  pressure  systems 

11.  Kushiro 

12.  Tokachi 

13.  Hachinohe 

14.  Noshiro 

15.  Ofunato 

16.  Wana 

17.  Kashiwazaki 

18 . Onahama 

19.  Kashima 

20.  Oiso 

21.  Haibara 

22.  Aijima 

23.  Atami 

24.  Amami  Islands 
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